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 ABSTRACT 
 
Due to the growing student body within Santa Clara University’s School of 
Engineering, an increase in classrooms, laboratories, offices, and study spaces is needed to 
for student engineering resources. The objective of the Bannan Engineering Laboratories 
Redesign is to provide a preliminary structural design and corresponding construction 
management schedule and budget as an alternative to the existing single-story Bannan 
Engineering Laboratories building.  The proposed design consists of three floors of versatile 
spaces: one basement and two stories above ground.  The 160-ft by 68-ft building features 
eleven hybrid classroom/laboratories in the basement, seven standard classrooms on the first 
floor, fourteen faculty offices on the second floor, five open collaboration/study areas 
throughout the building, and an open outdoor patio.  This resulted in over 32,000 square feet 
of versatile space, designed to be convertible for classroom, laboratory, or general office use, 
a 300% increase in comparison to the current Bannan Engineering Laboratories building. 
The preliminary structural design consists of analysis and design calculations and for 
the structure’s steel beams, girders, and columns, and the seismic design of special concentric 
braced frames.  To insure construction feasibility, the project scope also includes an 
introductory construction schedule and a building cost estimate. The projected cost is $1.1 
million for the structural steel and structural concrete, with an expected estimated time frame 
of 15 months. 
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 INTRODUCTION 
 
 Santa Clara University’s School of Engineering student body has grown significantly, 
especially in recent years.  In the past four academic years alone, the enrollment in the bio, 
civil, mechanical, electrical, and computer engineering departments collectively resulted in 
an overall increase of enrollment of 150 students (Figure 1).  In order to meet the needs of 
the rising class sizes without negatively impacting the current students, an expansion of 
academic learning spaces is required. 
 
Figure 1: Santa Clara University School of Engineering Enrollment By Year 
Source: American Society for Engineering Education 
  
The engineering department partnered with external consultants to form the “School 
of Engineering Visioning Plan,” a preliminary report on the spatial needs to accommodate 
the larger engineering student body.  The Visioning Plan recommended replacing the current 
Bannan Engineering Laboratories building to create more classrooms and laboratories. Other 
considerations taken into the building design were recommendations by the engineering 
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faculty and student body: study and collaboration areas as well as faculty offices and general 
usable office space. 
Integrating versatility in spatial design and the issues outlined by the School of 
Engineering Visioning Plan, the Bannan Engineering Laboratories Redesign Project is the 
first attempt to provide an initial structural design and construction plan suitable to meet the 
changing future needs of Santa Clara University’s School of Engineering.  As a result of a 
discussion with Dr. Healy, an electrical engineering professor and member of the Visioning 
Team, regarding the redesign project, the following question was posed, “How do you meet 
the needs of tomorrow today?”  The Visioning Plan called for a more efficient use of the 
building through multifunctional interior spaces, a concept inspired by the Electrical 
Engineering Circuits course laboratory. With modular table/chair flexibility and laboratory 
areas within the same space, the lab also functions as a lecture hall and work area for student 
research and collaboration. In this way, the project will seek to utilize this space 
programming model to provide an integrated educational environment to all present and 
future students. 
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CURRENT CONDITIONS 
 
The existing Bannan Engineering Laboratories (Figure 2) is a 12,965 square-foot 
single-story building. Of the three structures within the engineering quad, it is closest to the 
Alameda Mall.  It currently has limited small faculty offices and a collaboration space in the 
lobby area.  The Bannan Engineering Laboratories building is known primarily for housing 
several laboratories, including the Energy, Dynamics, Imaging, and Frugal Innovation labs.  
Most of the laboratory use in the building is dedicated to bioengineering and electrical 
engineering research and laboratory purposes.  Aside from the designated lab areas, much of 
the remaining square footage is occupied by lengthy hallways, empty unused laboratories, 
and cramped offices closed to student use. In comparison to the use of the adjacent Murphy 
Hall and Bannan Engineering buildings, the Bannan Engineering Laboratories remains an 
underutilized space of poor design. 
  
Figure 2: Exterior View of the Current Bannan Engineering Laboratories Building 
Source: Santa Clara University (www.scu.edu) 
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PROJECT OVERVIEW 
The purpose of this project was to generate a preliminary structural design of the 
proposed replacement of the Bannan Engineering Laboratories and its corresponding initial 
cost estimate and construction project schedule. The goal of the preliminary building design 
was to provide an alternative to the existing Bannan Engineering Laboratories that more 
efficiently uses the available building footprint area. 
The proposed 160-ft by 68-ft building consists of three floors: one basement and two 
stories above ground (Figure 3). Key features incorporated into the building design are an 
outdoor patio on the second floor, hybrid classroom/laboratory spaces, and designated 
study/collaboration areas.  For ease of access into the building, the ground floor has five 
entrances, at least one on each side of the building.  
For the purposes of this project, the project site was assumed to be a flat open area, 
meaning any demolition of the existing Bannan Engineering Laboratories building was 
excluded from the construction scope of work and cost estimate. All activities within the 
scope of work are for the design and construction of the proposed building. 
Figure 3: Isometric View of Proposed Bannan Engineering Laboratories 
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DESIGN CRITERIA 
 
The Visioning Plan prepared by the School of Engineering stated the basic needs and 
requirements to be met by the proposed building design. The Visioning Plan called for a two 
story structure to replace the existing building. Other needs as identified by the Visioning 
Team included additional office space, classrooms, and laboratory areas.  These requirements 
became the primary considerations during the preliminary design of the building layout.  
To maintain a uniform building design with the existing campus architecture, the 
Santa Clara University Architectural Design Guidelines were used as a parameter for 
designing the exterior of the building.  The SCU Design Guidelines (Appendix A) provide 
design principles to be followed for the building site and structure. The site guidelines 
applicable to the redesign of the Bannan Engineering Laboratories building call for ‘modest 
entrances’ and ‘rectilinear building form’.  According to the SCU Design Guidelines, the 
Santa Clara campus is characterized by north-south or east-west orientations of rectilinear 
shaped structures (Figure 4).  Similar to the existing Bannan Laboratories building, the 
proposed design retained its rectilinear building footprint to stay in line with the campus 
architecture, as opposed to a curved, angled, or other shaped footprint. 
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Figure 4: Rectilinear Building Design 
Source: SCU Architectural Design Guidelines 
(http://facilities.scu.edu/planning_projects/planning/design_standards/) 
 
 
To maintain the integrity of Santa Clara Mission historical architecture, campus 
building guidelines include building scale and massing, architectural character, ground level 
treatment, building entrances, windows, materials and color, and roof treatment principles, all 
of which were abided by in the design of the new Bannan Laboratories building.  Building 
scale and massing limits structures to a maximum of four stories and smaller footprints. The 
two-story redesign has a footprint square footage of nearly 11,000, approximately 3,500 sf 
less than the Bannan Engineering three-story building. The redesign’s simplified exterior 
appearance of windows with slight indentations into the “massive walls” creates depth 
without excessive etched trims, as outlined in the Guidelines. Of these guidelines, the most 
recognizable is the Mission roof tiling and light beige stucco walls, both of which were 
incorporated into the proposed design. 
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When placing appropriate entrances to the proposed redesign, door frame sizes were 
kept to a minimum in order to complement the ‘modest entrance’ feature of the campus 
(Figure 5). 
 
Figure 5: Modest Entrances 
Source: SCU Architectural Design Guidelines 
(http://facilities.scu.edu/planning_projects/planning/design_standards/) 
 
 
In addition to the Visioning Plan and SCU’s Architectural Guidelines, the general 
layout design of the building was also directed by the integration of multifunctional spaces. 
In order to promote a more efficient use of space, it was an objective to design the structure 
to be versatile to allow for functionality regardless of the needs of the space – as classrooms, 
laboratories, study areas, or general office use.  Implementation of multifunctional spaces 
was inspired by the Electrical Engineering Circuits Laboratory on the third floor of the 
Bannan Engineering building. The classroom also houses the ELEN 50 Circuits laboratory, 
while also serving as lecture and available research space for the Electrical Engineering 
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students. As a successful example of integrated learning spaces, the Electrical Engineering 
Classroom format held a strong influence upon the project’s design criteria.  
To insure versatility within the new design, the entire structure was designed to 
withstand dead and live loads for office, laboratory, and classroom use. As seen in recent 
years at Santa Clara, and currently with the growing engineering student body, the needs for 
either lecture or laboratory space change regularly.  As a result, the proposed design not only 
allows for changing the interior layout to suit the School of Engineering’s needs, but also 
provides distinct multifunctional spaces. In this design, the use of hybrid laboratory-
classrooms is introduced. These spaces are intended to transition directly from lecture to 
laboratory use by providing enough square footage for modular desk/table formation but also 
space for laboratory equipment if needed. 
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SCOPE OF WORK 
 
The overall goal of this project is to provide a preliminary structural design, material 
cost, and construction schedule for a replacement to the existing Bannan Engineering 
Laboratories. This preliminary design and planning of the Bannan Laboratories building was 
broken down into several steps to ultimately achieve the end cost: Space Programming, 
Initial Structural Design, Construction Scheduling, and Cost Estimation (Figure 6).   
 
 
Figure 6: Project Scope of Work 
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 SPACE PROGRAMMING 
 
Space programming is the development and planning of interior layouts of a building 
or structure. Space programming generally involves the incorporation of the project goals as 
criteria for layout design.  The previously mentioned design criteria – the SCU Visioning 
Plan and multifunctional space/versatility design – were the main conditions considered in 
the space programming of the project’s preliminary design phase. Space programming is 
generally developed for architectural purposes, but for uniform structural design of columns 
and beams, basic space programming was recommended for this project. 
Floor plans for the basement, first floor, and second floor were designed as 
recommendations of use of space for the proposed redesign. These floor plans were 
illustrated using the building information modeling program, Revit 2014 (Appendix B).  The 
layout of each floor included locations for classrooms, laboratories, offices, conference 
rooms, collaboration areas, and open space. Restrooms, stairways, the elevator, and 
entrances/exits were also included in the floor plans to properly visualize the structure’s 
interior. 
Design considerations for the interior of the Bannan Laboratories redesign were the 
School of Engineering Visioning Plan and code requirements such as ADA needs, corridor 
and walkway widths, classroom capacities, and ease of stairway access.  In addition, 
construction considerations were taken into account as well, such as stacking restrooms on 
top of one another for each floor to reduce the need for additional plumbing lines throughout 
the structure.  Maintaining the same divisions of space on each floor, as shown in the 
building’s longitudinal cross section in Figure 7, allowed for continuous structural columns 
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spanning the two floors above ground. This simplified structural design calculations and can 
potentially enhance the project’s constructability.  
Figure 7: Longitudinal Cross-section of the proposed Bannan Engineering Laboratories building 
 
 
The basement features ten hybrid rooms that are designed for both classroom and 
laboratory space, five 632-square foot rooms and five 724-square foot rooms, for a total of 
approximately 6,700 square feet of additional hybrid classroom/laboratory space. A single 
476-square foot laboratory is positioned in the east, designated solely for laboratory use.  
Two stairways are located at the east and in the center of the main corridor across from the 
hallway to the elevator, restroom, and 400 square feet of open collaboration/study 
space (Figure 8). 
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Figure 8: Basement Layout 
 
The ground floor has the most spacious design of the three floors. Seven classrooms, 
ranging from 480 square feet to 725 square feet to accommodate various class occupancies, 
outline the perimeter of the building, each with door access from the interior and exterior 
sides of the building.  Supplementing the classroom space, over 1200 square feet is 
designated to open study and collaboration areas on opposite ends of the ground floor. 
Similar to the hallway leading to the design center in Murphy Hall, this area allows students 
to study, do homework, and work individually or in groups right outside of their classrooms.  
With five separate entrances to the main corridor of the building, students can easily navigate 
through the building with minimal shock waves of foot traffic. An image of the floor layout 
can be seen in Figure 9. 
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Figure 9: Ground Floor Layout 
 
The second floor of the proposed redesign mimics the administrative second floor of 
the Bannan Engineering building across the engineering quad.  To accommodate the large 
number of adjunct professors needing offices, the second floor design includes 12, ranging 
from 140 square feet to 250 square feet. There are also six conference rooms: two medium 
sized with occupancies of six at 200 square feet; and four slightly larger at nearly 240 square 
feet.  At the center and at the east end of the floor is close to 1300 square feet of open space, 
planned for administration cubicles or more open space. The most prominent feature of the 
entire structure is the 1480-square foot outdoor patio on the second floor. The open area is 
designed on the east face of the building, positioned toward Murphy Hall to centralize the 
engineering quad. The second floor layout plan can be seen in Figure 10. 
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Figure 10: Second Floor Layout 
 
 
The redesign features ten hybrid classroom/laboratories in the basement, seven 
standard classrooms on the first floor, twelve faculty offices on the second floor, five open 
collaboration/study areas throughout the building, and an open outdoor patio.  This resulted 
in over 32,000 square feet of versatile space, designed to be convertible for classroom, 
laboratory, or general office use, a 300% increase in comparison to the current Bannan 
Engineering Laboratories building. 
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SITE DATA ACQUISITION 
In order to conduct a preliminary structural design, site and soil data needed to be 
collected, so the team was advised to obtain any useful existing construction and structural 
drawings that would supply information for the new building. As it turns out, some valuable 
information was discovered. The team acquired existing drawing sheets from Santa Clara 
University’s Facilities Department.  The drawings were specified for an original design of the 
Bannan Engineering Labs that had already created structural drawings and details for a 
basement and two stories; they showed footings that could be applied to the basement and 
two story building proposal. Up to this point, it was considered to conduct an initial structural 
design of the foundations for the team’s proposed building, but since the drawings of the 
existing building provided this footing information it was decided to incorporate this 
knowledge into the design specifications and cost estimation. 
Soil data was then retrieved from the U.S. Geological Survey. Ss, S1, SMS, SM1, SDS, 
and SD1 coefficients were determined from the site maps. The values can be seen in Figure 
11. 
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Figure 11: USGS Soil Data Values 
 
A Soils Report was conducted by Woodward-Clyde-Sherard & Associates Consulting 
Civil Engineers.  From page 2 of the document (Appendix E), the soil was determined to be 
Site Class D, which was then implemented into the USGS Seismic Design Maps to determine 
the Ss and S1 values. 
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STRUCTURAL DESIGN CONSIDERATIONS 
 
Several structural, architectural, and construction alternative features were considered 
for the redesign. Steel and wood were compared for the structure of the building. Wood is 
reliable for its affordability and availability during a construction project. Steel, on the other 
hand, is reliable for its fast construction rate and significantly greater durability as compared 
to wood. Steel can also be used for long, open spans where wood would require regular 
support. For these reasons, steel was chosen as the main structural material for the building’s 
skeleton. 
           For the seismic design of the building, two brace frame systems were considered: 
moment frames and special concentric braced frames (SCBF). Moment frames are beneficial 
for architectural reasons because the system allows open space between beams and columns. 
This feature can make way for long, expansive indoor spaces that can provides unobstructed 
light and room for activities other non-moment frame systems could not.  However, because 
the only sources of resistance against story drift are the beam and columns, the members 
must be very large. This can result in a very expensive lateral bracing system. Special 
concentric brace frames, on the other hand, aid in resisting lateral movement with two 
diagonal brace members meeting concentrically at the middle of the beam. This is beneficial 
because these two braces can greatly reduce the resizing of the beams and columns 
connecting to them, which can significantly reduce the overall cost of the system. A major 
drawback of SCBFs is that they obstruct light from windows and space within the building. 
For example, a door cannot fit between two columns if a standard V-shape SCBF is in the 
way. Ultimately, the best system for the redesign application was an inverted V SCBF 
system. This was the most economically viable out of the two options, and the inverted shape 
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provides enough room for a doorway to fit underneath. Although an inverted SCBF system 
may obstruct some light from windows, the team believed that it was an interesting, honest 
system that would provide a robust, revealing architectural feature that people, particularly 
engineers, would find interesting.  A floor plan of the SCBF implementation can be seen in 
Figure 12, and a full size image can be found in Appendix F. 
 
Figure 12: Special Concentric Braced Framing 
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PRELIMINARY STRUCTURAL DESIGN 
 
The goal of the preliminary structural design was to provide a quantity take-off of the 
structural steel for the cost estimation towards the project. The phases within the structural 
design were as follows: acquiring site and soil data, determining gravity loads, designing the 
beams, columns, and girders for the ground floor, second floor, and roof, and designing 
special concentric brace frames.  Note that structural and construction documents from the 
existing Bannan Engineering Laboratories were used for the cost estimation of the basement. 
Therefore, a design of the basement was not needed for this project. 
          The gravity loads were determined using references from the AISC Manual, California 
Building Code 2010, and the ASCE 7-10 Manual. From these sources, the live loads and 
dead loads for the floors and roof were determined. It is important to note a couple points 
here: the building is designed to be a versatile floor space, meaning that since the floor plans 
change within the building, the loads considered were for the maximum possible conditions. 
Therefore, a live load of 100 pounds per square foot was used for the ground floor, second 
floor, and roof. The ground and second floor were assumed to have the same amount of 
material for the dead load, which was determined to be 112 pounds per square foot. The dead 
load of the roof was assumed to contain 100 pounds per square foot for mechanical, 
electrical, and plumbing equipment. Further analysis of the amount of equipment would have 
reduced this value, but for this case it was assumed to be the maximum load possible. 
Therefore, the dead load of the roof was determined to be 178 pounds per square foot. See 
Appendix G for the gravity loads of the structure.  
            The design of the beams, girders, and columns was determined using equations from 
the AISC Manual. The calculations were conducted on Microsoft Excel. All structural design 
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calculations can be found in Appendices H through P.  An isometric image of the steel 
skeleton can be seen in Figure 13 and Appendix Q. 
 
Figure 13: Structural Isometric View 
 
           The design forces were calculated by first determining the base shear of the building 
using the Equivalent Lateral Force procedure. Appendix R shows the hand and Enercalc 
calculations for the base shear. The shear value was then distributed throughout each floor 
through a vertical lateral force distribution, and these values were the criteria used for each 
brace design. See Appendix S for an example of an SCBF column and brace calculation. The 
brace sizes were then modeled in SAP 2000 model in order to determine the loads to resize 
the joining beams and columns. An image of the SAP 2000 software analysis can be seen in 
Figure 14. 
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Figure 14: SAP 2000 Software Analysis 
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CONSTRUCTION PLANNING 
 
For the purposes of following industry standard practice, the construction planning 
process was broken down into several steps leading up to the project cost estimation. These 
steps included the development of the following: Work Breakdown Structure, Site Layout, 
Construction Activities, Quantity Take-off, Activity Durations/Costs Estimates, Scheduling, 
and Project Cost Estimation. 
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WORK BREAKDOWN STRUCTURE 
To adequately assess the breadth and depth of the required construction of the Bannan 
Laboratories Building, much thought was given to the type and quantity of construction to be 
done. These activities were organized in a Work Breakdown Structure or WBS. 
 A typical WBS is utilized to translate the project scope of work into a hierarchy of 
abstract work packages of a more generalized form to groupings of specific activities. For the 
Bannan Laboratories Building, the highest level work packages were Sitework, Basement, 
1st Floor, 2nd Floor, and Roof Level. From these, more specific categories and activities 
were itemized. An example of this higher level to lower level progression can be seen in 
Figure 15. This example shows the 1st Floor work package progress into the Structural 
Concrete Deck category, then the Rebar task type, and finally the Rebar Placement as the 
specific task.  
The complete figures of the WBS may be found in Appendix T. 
Figure 15: First Floor Structural Concrete Deck WBS 
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CONSTRUCTION ACTIVITIES 
In conjunction with the formulation of the WBS, a comprehensive list of construction 
activities was generated (see Appendix U). These specific activities encompass all the items 
of the WBS that are the last component of their respective links. Recalling Figure 15, these 
would include lower level items (even of the same task type) like Rebar Shop Drawings, 
Rebar Manufacturing, and Rebar Placement. 
 A summary of the activities is provided in Table 1. The Bannan Laboratories 
Building has a total of 166 individual activities specified. Of these, 15 are classified as 
Sitework, 45 as Basement, 37 as 1st Floor, 39 as 2nd Floor, and 30 as Roof Level. 
 
Table 1: Summary of Construction Activities 
Package Number of Activities 
Sitework 15 
Basement 45 
1st Floor 37 
2nd Floor 39 
Roof Level 30 
Total Number of Activities 166 
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CONSTRUCTION SITE LAYOUT 
 
With the project constraints of time and space in mind, much deliberation was given 
to the configuration of the construction site itself. A major priority of the construction 
process was to limit disruption to the regular day-to-day activities of campus life. To 
accomplish this, the construction site would have to remain compact.  
 
Site Boundaries and Temporary Fencing 
These criteria instantly ruled out the closure of the majority of the engineering quad. 
However, it was determined that a 15 foot perimeter could be established around the Bannan 
Laboratory Building footprint, and a portion of the lawn between the Bannan Laboratory 
Building and Bergin Hall would be utilized as a staging area. Though the 15-foot perimeter 
would essentially extend to the footprint of the main buildings, it was determined that it 
would be more advantageous to include such space within the fence but to treat it as an 
easement so as to not risk personal injury or property damage. 
 
Figure 16: Aerial View of Temporary Fencing around Project Site 
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Crane Location 
Expounding upon the use of the lawn between Bergin Hall and Bannan Laboratory 
Building, the placement of a crane was a major consideration that was explored. A crane 
would be an integral piece of equipment during the construction of the building, especially 
during the steel placement process. Exploring the specification sheets of different 
manufacturers and models of cranes, it was determined that a crane of at least 100 tons would 
be required to lift the heaviest members in the farthest corner of the building from the crane’s 
location. Due to the presence of large palm trees and the desire to be minimally disruptive to 
the campus, the general location of the crane was determined to be near the southeast corner 
of the construction site towards Murphy Hall and the Harrington Learning Commons. A 
sample of the iterative crane positioning and product type calculations can be found in 
Appendix V. 
With this in mind a more specific location was determined using the specifications in 
the product guide (Appendix W) of a Grove GMK5135 Truck-Mounted Crane. Analyzing 
the load capacity, arm and jib length, and working angle, the optimal placement of the crane 
was 15 feet perpendicularly away from the building footprint and 160 feet perpendicularly 
away from the northernmost corner of the building footprint.  
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Figure 17: Crane Location on Site 
 
To maintain a minimal impact upon public use of the campus grounds, it was 
assumed that larger scale staging and material storage would take place at a nearby, off-
campus location. 
 
Construction Site Access Routes 
Another consideration given to the construction site configuration was the 
accessibility to the site for construction workers and equipment. During the academic year 
higher occupancy and use levels of the campus limit accessible construction site routes in 
comparison to a lower level of campus occupancy during the summer season. Because of this 
difference, two separate access plans were generated to optimize the use of access space.  
During the academic year, Palm Drive would be used as the main access route to the 
construction site as seen in Figure 18. Though this goes through the main entrance of the 
campus, its designation as a private road allows for the least disruption of the surrounding 
31 
 
community. Furthermore, it would not inhibit regular foot traffic through campus and to 
integral campus facilities like Benson Memorial Center and the Learning Commons. 
 
 
Figure 18: Aerial View of Palm Drive Access 
 
 Once the academic year ends and the campus enters into the summer season, the 
relatively low profile occupancy of the campus allows for the use of a different access route. 
In this instance, it would be anticipated to use the Alameda near Market Street as the main 
construction site entrance as seen in Figure 19. This would provide relatively close and easy 
access to the site via a main road. Previous campus construction projects have utilized the 
Alameda as a construction site, further affirming its feasibility and advantageous position. 
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Figure 19: Aerial View of The Alameda Access 
 
 
Activity Durations/Cost Estimate Procedure 
 Utilizing RSMeans 2014 Construction Cost Data and Square Foot Costs 2014, 
activity durations and costs were estimated. With the quantities retrieved from the Quantity 
Take-Off data, similar activities and materials were found in the RSMeans references and 
calculated per unit prices. The RSMeans reference also provided typical labor crew 
compositions and their daily output as far as how much of a particular item they are able to 
place or activity they are able to complete in a day. The costs included labor, equipment, and 
overhead charges and were also adjusted to follow city cost indexes. San Jose was the city 
referenced for the city cost index as it was the closest municipality in proximity to the project 
site provided in RSMeans. A sample of the initial breakdown of the quantities and costs is 
available in Appendix Z. 
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Construction Scheduling 
 
Compiling the activity durations and arranging them according to construction 
industry logic in Microsoft Project, a project schedule was created for the Bannan 
Laboratories Building. A portion of the schedule can be seen in Figure 20. Though the 
schedule did not reach a concluding point, it was estimated that the duration of heavy 
construction for the building (e.g. earthwork, concrete placement, and steel erection) could be 
contained to the initial summer period.  
Construction work would begin in mid-June, following the conclusion of the 
academic year. According to that plan, the heavy construction items would take three months 
to complete. This bodes very well for the project as the need for and use of heavy equipment 
would be largely finished once the academic year begins, mitigating and potential disruptions 
to regular campus operations. Furthermore, this also forecasts positively for the entirety of 
the project and how it may fit within the time constraint of 15 months as largely only interior 
work and finishes would remain after most of the heavy construction has concluded. The full 
schedule can be found in Appendix X. 
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Figure 20: Construction Schedule Snapshot 
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CONSTRUCTION COST ESTIMATION 
Quantities 
The software program On Screen Take-Off was used to measure the material 
quantities for the construction of the project.  Using Revit drawings of floor plan layouts and 
elevations of the proposed structure, linear, area, and count conditions were created to 
digitally measure the materials used as specified. For example, in the figure below, the floor 
plan layout of the ground floor was used to measure the quantities of materials used. In this 
example, the area quantities shaded in red were used for determining the square footage of 
flooring to be used. This area condition could be applied to carpeting or tiling, whichever 
material was to be used for this floor. The purple lines were linear conditions used to 
measure the linear feet of interior walls to construct, and the lighter violet squares were count 
conditions to determine the number of doors of a specific type used just on the first floor. The 
quantities would then be used to calculate the cost of each material used for the construction 
of the project.   
Figure 21: On Screen Take Off Quantities  
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Material Cost Estimate 
As with the schedule, the cost data was compiled, tabulated, and summarized to 
create a total cost for the project. However, this task did not reach a concluding point as well. 
The only work items most thoroughly explored were the material costs for the building’s 
structural steel and concrete. Though other items were explored as well, only these two items 
were supported by enough data to reach a reliable conclusion. 
 The structural steel members, including all beams, girders, columns, and SCBFs, 
would generate a material price tag of approximately $996,000. It should be noted that this 
cost does not include any connection or welding work as those items were not included in the 
scope of our design. 
 The structural concrete was priced to approximately $111,000. This price was derived 
from the existing design for a concrete foundation procured from Don Akerland. 
 Summing these costs together, the heavy construction materials were estimated to 
cost approximately $1.1 million. Full structural material cost calculations can be found in 
Appendix Y. 
Figure 22: Structural Steel Cost Breakdown 
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Using RSMeans Square Foot Costs (see Appendix A: Technical References for 
pertinent pages of RSMeans Square Foot Costs) as a reference, a similarly constructed 
building would cost about $5 million. Putting these costs together as well as adjusting for 
overhead and labor factors, a preliminary cost estimate would place this building’s cost at 
over $8 million. 
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CONCLUSION 
 
The Bannan Engineering Laboratories Project would require further investigation to 
provide a more accurate cost and duration estimation. However, these initial efforts served to 
shed light upon different ways to meet the future needs of the School of Engineering. As 
Santa Clara University strives to remain at the forefront of innovation and cutting edge 
technology, projects such as the Bannan Engineering Laboratories Project will serve to help 
the University achieve its mission. 
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APPENDIX A: TECHNICAL REFERENCES 
 
Steel Design: 
California Building Code 2010 
ASCE Manual 7-10 
United States Geological Survey 
American Institute of Steel Construction Manual 
 
Construction Cost: 
RSMeans Construction Cost Data 2014 
RSMeans Square Footage 2014 
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 APPENDIX C: PROPOSED BUILDING DESIGN IMAGES 
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 APPENDIX D: FLOOR PLANS 
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 APPENDIX E: SOILS REPORT 
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APPENDIX F: SPECIAL CONCENTRIC BRACED FRAMING FLOOR PLAN 
EXAMPLE 
 
  Special Concentric Braced Frames
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 APPENDIX G: GRAVITY LOADS 
 
Gravity Loads
References
California Building Code 2010
ASCE 7 2010 Manual
Minimum Uniformly Distributed Live Loads (Lo) (CBC 2010 Table 1607.1)
Office, Corridor, & Classrooms 100
Roof 100
Dead Loads (ASCE 7-10  Table C3-1)
Component Load (psf)
Acoustical Fiber Board 1
Suspended Stl. Channel System 2
Framing 9
Floor Finish 10
Fireproofing 2
Permanent Partitions 15
Mech & Electrical Equipment 8
Windows, glass, frame, and sash 8
54.4 (VERCO decking)
   & Galvanized G60 2.7
Dfloor 112
Roof MEP Load
Component Load (psf)
MEP 100
Framing 6.5
Fireproofing 2
0.75
Concrete Fill Finish 12
54.4 (VERCO decking)
   & Galvanized G60 2.7
Droof 178
3" VERCO Metal Deck(19 ga)
   w/ 6" THICK Concrete
AISC Manual
Occupancy or Use Uniform (psf)
Floor Load (Interior)
Fiberboard (1/2 in)
3" VERCO Metal Deck(19 ga)
   w/ 6" THICK Concrete
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 APPENDIX H: FIRST FLOOR INTERIOR BEAM DESIGN CALCULATIONS 
 
Beam Design 1st Floor Interior Beams Page 1 of 12
Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
Fully braced to concrete decking
Beam Length  = 30 ft
Tributary Width
 = 129 in
 = 10.8 ft
Factored Loads
Wu(D+Lo)  = [(1.2)(Dfloor) + (1.6)(Lo)] x Tributary Width (AISC Eq 2-3b)
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 10.8 ft
Wu(D+Lo)  = 3166 lb/ft
 = 3.17 kip/ft
Flexure
Mu  = (Wu)(L^2)/8 (AISC Table 3-23)
Wu  = 3.17 kip/ft
L  = 30 ft
Mu  = 356 kip-ft
 = 4274 kip-in
   14AC, 14CD, 14GH, 14HI
   15AC, 15CD, 15GH, 15HI
   13FG
First Floor Interior Beams: 12AC, 12CD, 12GH, 12HI
(10'-9")
Beam Design 1st Floor Interior Beams Page 2 of 12
Zx Required
Zx  = (Mu)/(φFy) (AISC Eq F2-1)
Mu  = 4274 kip-in
φ  = 0.9
Fy  = 50 ksi
Zx  = 95.0 in^3
Deflection
∆D+L  = L/240*12in = 1.5 in
∆L  = L/360*12in = 1 in
I(D+Lo)  = (AISC Table 3-23)
W(D+Lo)  = (Dfloor + Live)*Trib. Width
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 10.8 ft
 = 2280.08 lb/ft
 = 2.28 kip/ft
E  = 29000 ksi
∆D+L  = 1.5 in
L  = 30.0 ft
I(D+Lo)  = 955.3 in^4 Governs
I(Lo)  = (AISC Table 3-23)
W(Lo)  = (Live)*Trib. Width
Lo  = 100 psf
Trib. W  = 10.8 ft
 = 1075.00 lb/ft
 = 1.08 kip/ft
E  = 29000 ksi
∆L  = 1 in
L  = 30.0 ft
I(Lo)  = 675.6 in^4
[5W(L)(L^4)]/[384E(∆D+L)]*12(in )^3
Service Limits
Moment of Inertia
[5W(D+L)(L^4)]/[384E(∆D+L)]*12(in )^3
Beam Design 1st Floor Interior Beams Page 3 of 12
W21 x 48 (AISC Table 3-2)
Ix  = 959 in^4
> 955.3 in^4 Ok
Zx  = 107 in^3
> 95.0 in^3 Ok
Vu  = WuL/2 (AISC  Table 3-23)
Wu  = 3.17 kip/ft
L  = 30 ft
Vu  = 47.5 kip
φVn  = (φv)(0.6)(Fy)(Aw)(Cv) (AISC Eq G2-1)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 23.6 in
tw  = 0.395 in
Aw  = 9.32 in^2
φVn  = 279.7 kip
> 47.5 kip Ok
Beam Selection
Shear Demand
Reactions at Ends
Shear Capacity
W21 x 48
Note: Shape exceeds compact limit for flexure with Fy = 50 ksi
Beam Design 1st Floor Interior Beams Page 4 of 12
Moment Capacity
φMn  = (AISC Eq F3-1)
Mp = FyZx  = 5350 kip-in (AISC Eq F2-1)
Sx  = 93 in^3 (AISC Table 1-1)
λ  = bf/(2*tf)
bf/(2*tf)  = 9.47 (AISC Table 1-1)
λ  = 9.47
λpf  = 0.38*sqrt(E/Fy) (AISC Table B4.1b)
E  = 29000 ksi
Fy  = 50 ksi
λpf  = 9.15
λrf  = 1.0*sqrt(E/Fy) (AISC Table B4.1b)
 = 24.1
φMn  = 4774.795 ksi
 = 397.8996 ksi
> 356 ksi Ok
Summary
φMn  = 397.9 > 356 Mu Ok
φVn  = 279.7 > 47.5 Vu Ok
Ix  = 959 > 955.3 Ix Req Ok
Zx  = 107 > 95.0 Zx Req Ok
Use W21 x 48 for 1st Floor Beams 12AC, 12CD, 12GH, 12HI
13FG
14AC, 14CD, 14GH, 14HI
15AC, 15CD, 15GH, 15HI
Schedule
Beam Length Quantity
W21 x 48 30 13
Mp-(Mp-.7*Fy*Sx)[(λ-λpf)/(λrf-λpf)]
For sections with noncompact flanges
Beam Design 1st Floor Interior Beams Page 5 of 12
Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
Fully braced to concrete decking
Beam Length  = 40 ft
Tributary Width
 = 129 in
 = 10.8 ft
Factored Loads
Wu(D+Lo)  = [(1.2)(Dfloor) + (1.6)(Lo)] x Tributary Width (AISC Eq 2-3b)
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 10.8 ft
Wu(D+Lo)  = 3166 lb/ft
 = 3.17 kip/ft
Flexure
Mu  = (Wu)(L^2)/8 (AISC Table 3-23)
Wu  = 3.17 kip/ft
L  = 40 ft
Mu  = 633 kip-ft
 = 7599 kip-in
First Floor Interior Beams: 12DF, 14DG, 15DG
(10'-9")
Beam Design 1st Floor Interior Beams Page 6 of 12
Zx Required
Zx  = (Mu)/(φFy) (AISC Eq F2-1)
Mu  = 7599 kip-in
φ  = 0.9
Fy  = 50 ksi
Zx  = 168.9 in^3
Deflection
∆D+L  = L/240*12in  = 2 in
∆L  = L/360*12in  = 1.3 in
I(D+Lo)  = (AISC Table 3-23)
W(D+Lo)  = (Dfloor + Live)*Trib. Width
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 10.8 ft
 = 2280.08 lb/ft
 = 2.28 kip/ft
E  = 29000 ksi
∆D+L  = 2 in
L  = 40.0 ft
I(D+Lo)  = 2264.4 in^4 Governs
I(Lo)  = (AISC Table 3-23)
W(Lo)  = (Live)*Trib. Width
Lo  = 100 psf
Trib. W  = 10.8 ft
 = 1075.00 lb/ft
 = 1.08 kip/ft
E  = 29000 ksi
∆L  = 1.3 in
L  = 40.0 ft
I(Lo)  = 1601.4 in^4
[5W(D+L)(L^4)]/[384E(∆D+L)]*12(in )^3
[5W(L)(L^4)]/[384E(∆D+L)]*12(in )^3
Service Limits
Moment of Inertia
Beam Design 1st Floor Interior Beams Page 7 of 12
W21 x 101 (AISC Table 3-2)
Ix  = 2420 in^4
> 2264.4 in^4 Ok
Zx  = 253 in^3
> 168.9 in^3 Ok
Vu  = WuL/2 (AISC  Table 3-23)
Wu  = 3.17 kip/ft
L  = 40.0 ft
Vu  = 63.3 kip
φVn  = (φv)(0.6)(Fy)(Aw)(Cv) (AISC Eq G2-1)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 21.4 in
tw  = 0.5 in
Aw  = 10.70 in^2
φVn  = 321.0 kip
> 63.3 kip Ok
Beam Selection
Reactions at Ends
Shear Capacity
W21 x 101
Note: Shape is slender for compression with Fy = 50 ksi
Shear Demand
Beam Design 1st Floor Interior Beams Page 8 of 12
Moment Capacity
φMn  = 949 kip-ft (AISC Table 3-2)
> 633 kip-ft Ok
Summary
φMn  = 949 > 633 Mu Ok
φVn  = 321.0 > 63.3 Vu Ok
Ix  = 2420 > 2264.4 Ix Req Ok
Zx  = 253 > 168.9 Zx Req Ok
Schedule
Beam Length Quantity
W21 x 101 40 2
33 1
Use W21 x 101 for Beams 12DF, 14DG, 15DG
Beam Design 1st Floor Interior Beams Page 9 of 12
Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
Fully braced to concrete decking
Beam Length  = 30 ft
Tributary Width
 = 150 in
 = 12.5 ft
Factored Loads
Wu(D+Lo)  = [(1.2)(Dfloor) + (1.6)(Lo)] x Tributary Width (AISC Eq 2-3b)
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 12.5 ft
Wu(D+Lo)  = 3682 lb/ft
 = 3.68 kip/ft
Flexure
Mu  = (Wu)(L^2)/8 (AISC Table 3-23)
Wu  = 3.68 kip/ft
L  = 30 ft
Mu  = 414 kip-ft
 = 4970 kip-in
First Floor Interior Beams: 16A-I, 17AB, 17CD, 17DE, 17GH, 17HI
(12'-6")
Note: Tributary width of row 6 beams are treated the same as that of row 7 beams
Beam Design 1st Floor Interior Beams Page 10 of 12
Zx Required
Zx  = (Mu)/(φFy) (AISC Eq F2-1)
Mu  = 4970 kip-in
φ  = 0.9
Fy  = 50 ksi
Zx  = 110.4 in^3
Deflection
∆D+L  = L/240*12in = 1.5 in
∆L  = L/360*12in = 1.0 in
I(D+Lo)  = (AISC Table 3-23)
W(D+Lo)  = (Dfloor + Live)*Trib. Width
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 12.5 ft
 = 2651.25 lb/ft
 = 2.65 kip/ft
E  = 29000 ksi
∆D+L  = 1.5 in
L  = 30.0 ft
I(D+Lo)  = 1110.8 in^4 Governs
I(Lo)  = (AISC Table 3-23)
W(Lo)  = (Live)*Trib. Width
Lo  = 100 psf
Trib. W  = 12.5 ft
 = 1250.00 lb/ft
 = 1.25 kip/ft
E  = 29000 ksi
∆L  = 1.0 in
L  = 30.0 ft
I(Lo)  = 785.6 in^4
Service Limits
Moment of Inertia
[5WuD+L)(L^4)]/[384E(∆D+L)]*12(in )^3
[5W(L)(L^4)]/[384E(∆D+L)]*12(in )^3
Beam Design 1st Floor Interior Beams Page 11 of 12
W21 x 55 (AISC Table 3-2)
Ix  = 1140 in^4
> 1110.8 in^4 Ok
Zx  = 126 in^3
> 110.4 in^3 Ok
Vu  = WuL/2 (AISC  Table 3-23)
Wu  = 3.68 kip/ft
L  = 30.0 ft
Vu  = 55.2 kip
φVn  = (φv)(0.6)(Fy)(Aw)(Cv) (AISC Eq G2-1)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 20.8 in
tw  = 0.375 in
Aw  = 7.80 in^2
φVn  = 234.0 kip
> 55.2 kip Ok
Beam Selection
Shear Demand
Reactions at Ends
Shear Capacity
W21 x 55
Beam Design 1st Floor Interior Beams Page 12 of 12
Moment Capacity
φMn  = 473 kip-ft (AISC Table 3-2)
> 414 kip-ft Ok
Summary
φMn  = 473 > 414 Mu Ok
φVn  = 234.0 > 55.2 Vu Ok
Ix  = 1140 > 1110.8 Ix Req Ok
Zx  = 126 > 110.4 Zx Req Ok
Use W21 x 55 for Beams 16A-I, 17AB, 17CD, 17DE, 17GH, 17HI
Schedule
Beam Length Quantity
W21 x 55 30 8
10 2
20 2
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 APPENDIX I: FIRST FLOOR EXTERIOR BEAM DESIGN CALCULATIONS 
 
Beam Design 1st Floor Exterior Beams Page 1 of 12
Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
Fully braced to concrete decking
Beam Length  = 30 ft
Tributary Width
 = 64.5 in
 = 5.38 ft
Factored Loads
Wu(D+Lo)  = [(1.2)(Dfloor) + (1.6)(Lo)] x Tributary Width (AISC Eq 2-3b)
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 5.38 ft
Wu(D+Lo)  = 1583 lb/ft
 = 1.58 kip/ft
Flexure
Mu  = (Wu)(L^2)/8 (AISC Table 3-23)
Wu  = 1.58 kip/ft
L  = 30 ft
Mu  = 178 kip-ft
 = 2137 kip-in
Zx Required
First Floor Exterior Beams: 11AC, 11CD, 11GH, 11HI
(10'-9")/2
Beam Design 1st Floor Exterior Beams Page 2 of 12
Zx  = (Mu)/(φFy) (AISC Eq F2-1)
Mu  = 2137 kip-in
φ  = 0.9
Fy  = 50 ksi
Zx  = 47.5 in^3
Deflection
∆D+L  = L/240*12in  = 1.5 in
∆L  = L/360*12in  = 1 in
I(D+Lo)  = (AISC Table 3-23)
W(D+Lo)  = (Dfloor + Live)*Trib. Width
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 5.4 ft
 = 1140.04 lb/ft
 = 1.14 kip/ft
E  = 29000 ksi
∆D+L  = 1.5 in
L  = 30.0 ft
I(D+Lo)  = 477.6 in^4 Governs
I(Lo)  = (AISC Table 3-23)
W(Lo)  = (Live)*Trib. Width
Lo  = 100 psf
Trib. W  = 5.4 ft
 = 537.50 lb/ft
 = 0.54 kip/ft
E  = 29000 ksi
∆L  = 1 in
L  = 30.0 ft
I(Lo)  = 337.8 in^4
Service Limits
Moment of Inertia
[5W(D+L)(L^4)]/[384E(∆D+L)]*12(in )^3
[5W(L)(L^4)]/[384E(∆D+L)]*12(in )^3
Beam Design 1st Floor Exterior Beams Page 3 of 12
W21 x 44 (AISC Table 3-2)
Ix  = 843 in^4
> 477.6 in^4 Ok
Zx  = 95.4 in^3
> 47.5 in^3 Ok
Vu  = WuL/2 (AISC  Table 3.23)
Wu  = 1.58 kip/ft
L  = 30 ft
Vu  = 23.7 kip
φVn  = (AISC Eq G2-1)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 20.7 in
tw  = 0.35 in
Aw  = 7.25 in^2
φVn  = 217.4 kip
> 23.7 kip Ok
Moment Capacity
φMn  = 358 kip-ft (AISC Table 3-2)
> 178 kip-ft Ok
Shear Demand
Reactions at Ends
Shear Capacity
W21 x 44
Beam Selection
(φv)(0.6)(Fy)(Aw)(Cv)
Beam Design 1st Floor Exterior Beams Page 4 of 12
Summary
φMn  = 358 > 178 Mu Ok
φVn  = 217.4 > 23.7 Vu Ok
Ix  = 843 > 477.6 Ix Req Ok
Zx  = 95.4 > 47.5 Zx Req Ok
Schedule
Beam Length Quantity
W21 x 44 30 4
Use W21 x 44 for Beams 11AC, 11CD, 11GH, 11HI
Beam Design 1st Floor Exterior Beams Page 5 of 12
Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
Fully braced to concrete decking
Beam Length  = 40 ft
Tributary Width
 = 64.5 in
 = 5.38 ft
Factored Loads
Wu(D+Lo)  = [(1.2)(Dfloor) + (1.6)(Lo)] x Tributary Width (AISC Eq 2-3b)
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 5.4 ft
Wu(D+Lo)  = 1583 lb/ft
 = 1.58 kip/ft
Flexure
Mu  = (Wu)(L^2)/8 (AISC Table 3-23)
Wu  = 1.58 kip/ft
L  = 40 ft
Mu  = 317 kip-ft
 = 3799 kip-in
Zx Required
First Floor Exterior Beams: 11DF, 11FG
(10'-9")/2
Beam Design 1st Floor Exterior Beams Page 6 of 12
Zx  = (Mu)/(φFy) (AISC Eq F2-1)
Mu  = 3799 kip-in
φ  = 0.9
Fy  = 50 ksi
Zx  = 84.4 in^3
Deflection
∆D+L  = L/240*12in  = 2 in
∆L  = L/360*12in  = 1.3 in
I(D+Lo)  = (AISC Table 3-23)
W(D+Lo)  = (Dfloor + Live)*Trib. Width
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 5.4 ft
 = 1140.04 lb/ft
 = 1.14 kip/ft
E  = 29000 ksi
∆D+L  = 2 in
L  = 40.0 ft
I(D+Lo)  = 1132.2 in^4 Governs
I(Lo)  = (AISC Table 3-23)
W(Lo)  = (Live)*Trib. Width
Lo  = 100 psf
Trib. W  = 5.4 ft
 = 537.50 lb/ft
 = 0.54 kip/ft
E  = 29000 ksi
∆L  = 1.3 in
L  = 40.0 ft
I(Lo)  = 800.7 in^4
Service Limits
Moment of Inertia
[5W(D+L)(L^4)]/[384E(∆D+L)]*12(in)^3
[5W(L)(L^4)]/[384E(∆D+L)]*12(in )^3
Beam Design 1st Floor Exterior Beams Page 7 of 12
W21 x 55 (AISC Table 3-2)
Ix  = 1140 in^4
> 1132.2 in^4 Ok
Zx  = 126 in^3
> 84.4 in^3 Ok
Vu  = WuL/2 (AISC  Table 3.23)
Wu  = 1.58 kip/ft
L  = 40 ft
Vu  = 31.7 kip
φVn  = (AISC Eq G2-1)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 20.8 in
tw  = 0.375 in
Aw  = 7.80 in^2
φVn  = 234.0 kip
> 31.7 kip Ok
Moment Capacity
φMn  = 473 kip-ft (AISC Table 3-2)
> 317 kip-ft Ok
Reactions at Ends
Beam Selection
Shear Demand
Shear Capacity
W21 x 55
(φv)(0.6)(Fy)(Aw)(Cv)
Beam Design 1st Floor Exterior Beams Page 8 of 12
Summary
φMn  = 473 > 317 Mu Ok
φVn  = 234.0 > 31.7 Vu Ok
Ix  = 1140 > 1132.2 Ix Req Ok
Zx  = 126 > 84.4 Zx Req Ok
Schedule
Beam Length Quantity
W21 x 55 33 1
7 2
Use W21 x 55 for Beams 11DF, 11FG, 13FG
Beam Design 1st Floor Exterior Beams Page 9 of 12
Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
Fully braced to concrete decking
Beam Length  = 30 ft
Tributary Width
 = 75 in
 = 6.3 ft
Factored Loads
Wu(D+Lo)  = [(1.2)(Dfloor) + (1.6)(Lo)] x Tributary Width (AISC Eq 2-3b)
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 6.3 ft
Wu(D+Lo)  = 1841 lb/ft
 = 1.84 kip/ft
Flexure
Mu  = (Wu)(L^2)/8 (AISC Table 3-23)
Wu  = 1.84 kip/ft
L  = 30 ft
Mu  = 207 kip-ft
 = 2485 kip-in
Zx Required
First Floor Exterior Beams: 18AB, 18BC, 18CD, 18DE, 18EG, 18GH, 18HI
(12'-6")/2
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Zx  = (Mu)/(φFy) (AISC Eq F2-1)
Mu  = 2485 kip-in
φ  = 0.9
Fy  = 50 ksi
Zx  = 55.2 in^3
Deflection
∆D+L  = L/240*12in = 1.5 in
∆L  = L/360*12in = 1.0 in
I(D+Lo)  = (AISC Table 3-23)
W(D+Lo)  = (Dfloor + Live)*Trib. Width
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 6.3 ft
 = 1325.63 lb/ft
 = 1.33 kip/ft
E  = 29000 ksi
∆D+L  = 1.5 in
L  = 30.0 ft
I(D+Lo)  = 555.4 in^4 Governs
I(Lo)  = (AISC Table 3-23)
W(Lo)  = (Live)*Trib. Width
Lo  = 100 psf
Trib. W  = 6.3 ft
 = 625.00 lb/ft
 = 0.63 kip/ft
E  = 29000 ksi
∆L  = 1.0 in
L  = 30.0 ft
I(Lo)  = 392.8 in^4
[5W(L)(L^4)]/[384E(∆D+L)]*12(in )^3
Service Limits
Moment of Inertia
[5W(D+L)(L^4)]/[384E(∆D+L)]*12(in )^3
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W21 x 44 (AISC Table 3-2)
Ix  = 843 in^4
> 555.4 in^4 Ok
Zx  = 95.4 in^3
> 55.2 in^3 Ok
Vu  = WuL/2 (AISC  Table 3.23)
Wu  = 1.84 kip/ft
L  = 30 ft
Vu  = 27.6 kip
φVn  = (AISC Eq G2-1)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 20.7 in
tw  = 0.35 in
Aw  = 7.25 in^2
φVn  = 217.4 kip
> 27.6 kip Ok
Moment Capacity
φMn  = 358 kip-ft (AISC Table 3-2)
> 207 kip-ft Ok
W21 x 44
(φv)(0.6)(Fy)(Aw)(Cv)
Beam Selection
Shear Demand
Reactions at Ends
Shear Capacity
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Summary
φMn  = 358 > 207 Mu Ok
φVn  = 217.4 > 27.6 Vu Ok
Ix  = 843 > 555.4 Ix Req Ok
Zx  = 95.4 > 55.2 Zx Req Ok
Schedule
Beam Length Quantity
W21 x 44 30 7
Use W21 x 44 for Beams 18AB, 18BC, 18CD, 18DE, 18EG, 18GH, 18HI
J-1 
 
 APPENDIX J: FIRST AND SECOND FLOOR INTERIOR GIRDER DESIGN 
CALCULATIONS 
 
Girder Design 1st and 2nd Floor Interior Girders Page 1 of 15
Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
 = 43 ft
Point Loads
10.75 ft EQ
Factored Loads
Pu  = 2*Vu  = 95.0 kip
Flexure
Mu(max)  = a*Pu*L
a  = 0.5
Pu  = 95.0 kip
L  = 43 ft
Mu(max)  = 2042 kip-ft
 = 24506 kip-in
First Floor Interior Girders: 1C16, 1G16, 1H16, 2C16, 2G16, 2H16
Girder Length, L
3 Point Loads, P @ 
(See 1st Floor Interior Beams Pg. 3)
(AISC Table 3-22a: See Footnote)
Girder shall support composite deck ∴ No LTB
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Zx Required
Zx  = (Mu)/(ϕFy) (AISC Eq F2-1)
Mu  = 24506 kip-in
ϕ  = 0.9
Fy  = 50 ksi
Zx  = 545 in^3
Max Deflection
∆D+Lo  = L/240*12in = 2.15 in
∆Lo  = L/360*12in = 1.4 in
I(D+Lo)  = (AISC Table 3-22a: See Footnote)
P(D+Lo)  = W(D+Lo)*L(beam)
W(D+Lo)  = 2.28 kip/ft (See 1st Floor 
L(beam)  = 30 ft Interior Beams
P(D+Lo)  = 68.4 kip Page 2)
l  = L*12 in
L  = 43 ft
l  = 516 in
e  = 0.05
E  = 29000 ksi
∆D+L  = 2.15 in
I(D+Lo)  = 7536 in^4 Governs
I(Lo)  =
P(Lo)  = W(Lo)*L(beam)
W(Lo)  = 1.08 kip/ft (See 1st Floor 
L(beam)  = 30.00 ft Interior Beams
P(Lo)  = 32.3 kip Page 2)
l  = L*12 in
 = 516 in
e  = 0.05
E  = 29000 ksi
∆L  = 1.4 in
I(Lo)  = 5330 in^4
(Note: For calculation simplicity, factored load, Pu shall be used)
Service Limits
Moment of Inertia
(e*P(D+Lo)*l^3)/[E*(∆D+Lo)]
(e*P(Lo)*l^3)/[E*(∆Lo)]
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Beam Selection
W33 x 152 (AISC Table 3-2)
Ix  = 8160 in^4
> 7536.2 in^4 Ok
Zx  = 559 in^3
> 544.6 in^3 Ok
Vu  = c*Pu
c  = 1.5
Pu  = 95.0 kip
Vu  = 142.5 kip
φVn  = (φv)(0.6)(Fy)(Aw)(Cv) (AISC Eq G2-1)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 33.5 in
tw  = 0.635 in
Aw  = 21.27 in^2
φVn  = 638.2 kip
> 142.5 kip Ok
Moment Capacity
φMn  = 2100 kip-ft (AISC Table 3-2)
> 2042 kip-ft Ok
(AISC Table 3-22a: See footnote)
Shear Capacity
W33 x 152
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Summary
φMn  = 2100.0 > 2042 Mu Ok
φVn  = 638.2 > 142.5 Vu Ok
Ix  = 8160 > 7536.2 Ix Req Ok
Zx  = 7536 > 544.6 Zx Req Ok
Schedule
Girder Length Quantity
W33 x 152 43 4
25 2
18 4
NOTE: Quantity Take-Off is for BOTH 1st and 2nd Floors
Use W33 x 152 for Girders 1C16, 1F13, 1G13, 1G36, 1H16, 2C16, 2F13, 2G13, 2G36, 2H
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Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
 = 43 ft
Point Loads
10.75 ft EQ
Factored Loads
Pu  = 2*Vu  = 126.6 kip
Flexure
Mu(max)  = a*Pu*L
a  = 0.5
Pu  = 126.6 kip
L  = 43 ft
Mu(max)  = 2723 kip-ft
 = 32674 kip-in
First Floor Interior Girder: 1D16, 2D16
Girder Length, L
Girder shall support composite deck ∴ No LTB
3 Point Loads, P @ 
(See 1st Floor Interior Beams Pg. 7)
(AISC Table 3-22a: See Footnote)
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Zx Required
Zx  = (Mu)/(ϕFy) (AISC Eq F
Mu  = 32674 kip-in
ϕ  = 0.9
Fy  = 50 ksi
Zx  = 726 in^3
Max Deflection
∆D+Lo  = L/240*12in = 2.15 in
∆Lo  = L/360*12in = 1.4 in
I(D+Lo)  = (AISC Table 3-22a: See F
P(D+Lo)  = W(D+Lo)*L(beam)
W(D+Lo)  = 2.28 kip/ft (See 1st Flo
L(beam)  = 40 ft Interior Bea
P(D+Lo)  = 91.2 kip Page 2)
l  = L*12 in
L  = 43 ft
l  = 516 in
e  = 0.05
E  = 29000 ksi
∆D+L  = 2.15 in
I(D+Lo)  = 10048 in^4 Governs
I(Lo)  =
P(Lo)  = W(Lo)*L(beam)
W(Lo)  = 1.08 kip/ft (See 1st Flo
L(beam)  = 40.00 ft Interior Bea
P(Lo)  = 43.0 kip Page 2)
l  = L*12 in
 = 516 in
e  = 0.05
E  = 29000 ksi
∆L  = 1.4 in
I(Lo)  = 7106 in^4
(Note: For calculation simplicity, factored load, Pu shall be used)
Service Limits
Moment of Inertia
(e*P(D+Lo)*l^3)/[E*(∆D+Lo)]
(e*P(Lo)*l^3)/[E*(∆Lo)]
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Beam Selection
W30 x 211 (AISC Tabl
Ix  = 10300 in^4
> 10048.3 in^4 Ok
Zx  = 751 in^3
> 726.1 in^3 Ok
Vu  = c*Pu
c  = 1.5
Pu  = 126.6 kip
Vu  = 190.0 kip
φVn  = (φv)(0.6)(Fy)(Aw)(Cv) (AISC Eq G
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 30.9 in
tw  = 0.775 in
Aw  = 23.95 in^2
φVn  = 718.4 kip
> 190.0 kip Ok
Moment Capacity
φMn  = 2820 kip-ft (AISC Tabl
> 2723 kip-ft Ok
(AISC Table 3-22a: See footnote)
Shear Capacity
W30 x 211
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Summary
φMn  = 2820.0 > 2723 Mu Ok
φVn  = 718.4 > 190.0 Vu Ok
Ix  = 10300 > 10048.3 Ix Req Ok
Zx  = 10048 > 726.1 Zx Req Ok
Schedule
Girder Length Quantity
W30 x 211 43 2
NOTE: Quantity Take-Off is for BOTH 1st and 2nd Floors
Use W30 x 211 for Girder 1D16, 2D16H16
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Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
 = 25 ft
Point Loads
12.5 ft EQ
Factored Loads
Pu  = 2*Vu  = 110.4 kip
Flexure
Mu(max)  = a*Pu*L
a  = 0.5
Pu  = 110.4 kip
L  = 25 ft
Mu(max)  = 1381 kip-ft
 = 16567 kip-in
(AISC Table 3-22a: See Footnote)
First Floor Interior Girders: 1D68, 1H68, 2D68, 2H68
Girder Length, L
Girder shall support composite deck ∴ No LTB
3 Point Loads, P @ 
(See 1st Floor Interior Beams Pg. 11)
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Zx Required
F2-1) Zx  = (Mu)/(ϕFy) (AISC Eq F
Mu  = 16567 kip-in
ϕ  = 0.9
Fy  = 50 ksi
Zx  = 368 in^3
Max Deflection
∆D+Lo  = L/240*12in = 1.25 in
∆Lo  = L/360*12in = 0.8 in
Footnote) I(D+Lo)  = (AISC Table 3-22a: See F
P(D+Lo)  = W(D+Lo)*L(beam)
oor W(D+Lo)  = 2.65 kip/ft (See 1st Flo
ams L(beam)  = 30 ft Interior Bea
P(D+Lo)  = 79.5 kip Page 10)
l  = L*12 in
L  = 30 ft
l  = 360 in
e  = 0.05
E  = 29000 ksi
∆D+L  = 2.15 in
I(D+Lo)  = 2976 in^4 Governs
I(Lo)  =
P(Lo)  = W(Lo)*L(beam)
oor W(Lo)  = 1.25 kip/ft (See 1st Flo
ams L(beam)  = 30.00 ft Interior Bea
P(Lo)  = 37.5 kip Page 2)
l  = L*12 in
 = 516 in
e  = 0.05
E  = 29000 ksi
∆L  = 1.4 in
I(Lo)  = 6197 in^4
(e*P(Lo)*l^3)/[E*(∆Lo)]
(Note: For calculation simplicity, factored load, Pu shall be used)
Service Limits
Moment of Inertia
(e*P(D+Lo)*l^3)/[E*(∆D+Lo)]
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Beam Selection
le 3-2) W30 x 116 (AISC Tabl
Ix  = 4930 in^4
> 2975.9 in^4 Ok
Zx  = 378 in^3
> 368.2 in^3 Ok
Vu  = c*Pu
c  = 1.5
Pu  = 110.4 kip
Vu  = 165.7 kip
G2-1) φVn  = (φv)(0.6)(Fy)(Aw)(Cv) (AISC Eq G
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 30 in
tw  = 0.565 in
Aw  = 16.95 in^2
φVn  = 508.5 kip
> 165.7 kip Ok
Moment Capacity
le 3-2) φMn  = 1420 kip-ft (AISC Tabl
> 1381 kip-ft Ok
Shear Capacity
W30 x 116
(AISC Table 3-22a: See footnote)
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Summary
φMn  = 1420.0 > 1381 Mu Ok
φVn  = 508.5 > 165.7 Vu Ok
Ix  = 4930 > 2976 Ix Req Ok
Zx  = 378 > 368.2 Zx Req Ok
Schedule
Girder Length Quantity
W30 x 116 25 4
NOTE: Quantity Take-Off is for BOTH 1st and 2nd Floors
Use W30 x 116 for Girder 1D68, 1H68, 2D68, 2H68
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F2-1)
Footnote)
oor 
ams
oor 
ams
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le 3-2)
G2-1)
le 3-2)
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 APPENDIX K: FIRST AND SECOND FLOOR EXTERIOR GIRDER DESIGN 
CALCULATIONS 
 
Girder Design 1st and 2nd Floor Exterior Girders Page 1 of 16
Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
 = 43 ft
Point Loads
10.75 ft EQ
Factored Loads
Pu  = Vu  = 47.5 kip
Flexure
Mu(max)  = a*Pu*L
a  = 0.5
Pu  = 47.5 kip
L  = 43 ft
Mu(max)  = 1021 kip-ft
 = 12253 kip-in
(AISC Table 3-22a: See Footnote)
First Floor Exterior Girders: 1A16, 1I16
Girder Length, L
Girder shall support composite deck ∴ No LTB
3 Point Loads, P @ 
(See 1st Floor Interior Beams Pg. 3)
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Zx Required
Zx  = (Mu)/(ϕFy) (AISC Eq F
Mu  = 12253 kip-in
ϕ  = 0.9
Fy  = 50 ksi
Zx  = 272 in^3
Max Deflection
∆D+Lo  = L/240*12in = 2.15 in
∆Lo  = L/360*12in = 1.4 in
I(D+Lo)  = (AISC Table 3-22a: See Footnote)
P(D+Lo)  = W(D+Lo)*L(beam) /2
W(D+Lo)  = 2.28 kip/ft (See 1st Flo
L(beam)  = 30.00 ft Interior Bea
P(D+Lo)  = 34.2 kip Page 2)
l  = L*12 in
L  = 43 ft
l  = 516 in
e  = 0.05
E  = 29000 ksi
∆D+L  = 2.15 in
I(D+Lo)  = 3768 in^4 Governs
I(Lo)  =
P(Lo)  = W(Lo)*L(beam) /2
W(Lo)  = 1.08 kip/ft (See 1st Flo
L(beam)  = 30.00 ft Interior Bea
P(Lo)  = 16.1 kip Page 2)
l  = L*12 in
 = 516 in
e  = 0.05
E  = 29000 ksi
∆L  = 1.4 in
I(Lo)  = 2665 in^4
Moment of Inertia
(e*P(D+Lo)*l^3)/[E*(∆D+Lo)]
(e*P(Lo)*l^3)/[E*(∆Lo)]
(Note: For calculation simplicity, factored load, Pu shall be used)
Service Limits
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Beam Selection
W30 x 99 (AISC Tabl
Ix  = 3990 in^4
> 3768.1 in^4 Ok
Zx  = 312 in^3
> 272.3 in^3 Ok
Vu  = c*Pu
c  = 1.5
Pu  = 47.5 kip
Vu  = 71.2 kip
φVn  = (φv)(0.6)(Fy)(Aw)(Cv) (AISC Eq G
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 29.7 in
tw  = 0.52 in
Aw  = 15.44 in^2
φVn  = 463.3 kip
> 71.2 kip Ok
Moment Capacity
φMn  = 1170 kip-ft (AISC Tabl
> 1021 kip-ft Ok
W30 x 99
(AISC Table 3-22a: See footnote)
Shear Capacity
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Summary
φMn  = 1170.0 > 1021 Mu Ok
φVn  = 463.3 > 71.2 Vu Ok
Ix  = 3990 > 3768.1 Ix Req Ok
Zx  = 3768 > 272.3 Zx Req Ok
Schedule
Girder Length Quantity
W30 x 99 21.5 6
W27 x 281 21.5 2
NOTE: Quantity Take-Off is for BOTH 1st and 2nd Floors
Use W30 x 99 for Girders 1A14, 1A46, 1I14, 1I46, 2A14, 2A46, 2I14, 2I46
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Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
 = 25 ft
Point Loads
12.5 ft EQ
Factored Loads
Pu  = Vu  = 55.2 kip
Flexure
Mu(max)  = a*Pu*L
a  = 0.5
Pu  = 55.2 kip
L  = 25 ft
Mu(max)  = 690 kip-ft
 = 8283 kip-in
(AISC Table 3-22a: See Footnote)
First Floor Exterior Girders: 1A68, 1B68
Girder Length, L
Girder shall support composite deck ∴ No LTB
1 Point Load, P @ 
(See 1st Floor Interior Beams Pg. 11)
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Zx Required
F2-1) Zx  = (Mu)/(ϕFy)
Mu  = 8283 kip-in
ϕ  = 0.9
Fy  = 50 ksi
Zx  = 184 in^3
Max Deflection
∆D+Lo  = L/240*12in = 1.25 in
∆Lo  = L/360*12in = 0.8 in
I(D+Lo)  = (AISC Table 3-22a: See F
P(D+Lo)  = W(D+Lo)*L(beam) /2
oor W(D+Lo)  = 2.65 kip/ft
ams L(beam)  = 20.00 ft
P(D+Lo)  = 26.5 kip
l  = L*12 in
L  = 25 ft
l  = 300 in
e  = 0.05
E  = 29000 ksi
∆D+L  = 2.15 in
I(D+Lo)  = 574 in^4 Governs
I(Lo)  =
P(Lo)  = W(Lo)*L(beam) /2
oor W(Lo)  = 1.25 kip/ft
ams L(beam)  = 20.00 ft
P(Lo)  = 12.5 kip
l  = L*12 in
 = 516 in
e  = 0.05
E  = 29000 ksi
∆L  = 1.4 in
I(Lo)  = 2066 in^4
(e*P(D+Lo)*l^3)/[E*(∆D+Lo)]
(e*P(Lo)*l^3)/[E*(∆Lo)]
Service Limits
Moment of Inertia
(Note: For calculation simplicity, factored load, Pu shall be used)
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Beam Selection
le 3-2) W24 x 76
Ix  = 2100 in^4
> 574.0 in^4
Zx  = 200 in^3
> 184.1 in^3
Vu  = c*Pu
c  = 1.5
Pu  = 55.2 kip
Vu  = 82.8 kip
G2-1) φVn  = (φv)(0.6)(Fy)(Aw)(Cv)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 23.9 in
tw  = 0.44 in
Aw  = 10.52 in^2
φVn  = 315.5 kip
> 82.8 kip
Moment Capacity
le 3-2) φMn  = 750 kip-ft
> 690 kip-ft
(AISC Table 3-22a: See footnote)
Shear Capacity
W24 x 76
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Summary
φMn  = 750.0 > 690 Mu
φVn  = 315.5 > 82.8 Vu
Ix  = 2100 > 574.0 Ix Req
Zx  = 574 > 184.1 Zx Req
Schedule
Girder Length Quantity
W24 x 76 25 4
NOTE: Quantity Take-Off is for BOTH 1st and 2nd Floors
Use W24 x 76 for Girders 1A68, 1I68, 2A68, 2I68
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Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
 = 25 ft
Point Loads
12.5 ft EQ
Factored Loads
Pu  = Vu  = 55.2 kip
Flexure
Mu(max)  = a*Pu*L
a  = 0.5
Pu  = 55.2 kip
L  = 25 ft
Mu(max)  = 690 kip-ft
 = 8283 kip-in
First Floor Exterior Girders: 1C68, 1E68, 1G68, 1I68
Girder Length, L
Girder shall support composite deck ∴ No LTB
1 Point Load, P @ 
(See 1st Floor Interior Beams Pg. 11)
(AISC Table 3-22a: See
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Zx Required
(AISC Eq F2-1) Zx  = (Mu)/(ϕFy)
Mu  = 8283 kip-in
ϕ  = 0.9
Fy  = 50 ksi
Zx  = 184 in^3
Max Deflection
∆D+Lo  = L/240*12in = 1.25 in
∆Lo  = L/360*12in = 0.8 in
Footnote) I(D+Lo)  = (AISC Table 
P(D+Lo)  = W(D+Lo)*L(beam) /2
(See 1st Floor W(D+Lo)  = 2.65 kip/ft
Interior Beams L(beam)  = 30.00 ft
Page 10) P(D+Lo)  = 39.8 kip
l  = L*12 in
L  = 25 ft
l  = 300 in
e  = 0.05
E  = 29000 ksi
∆D+L  = 2.15 in
I(D+Lo)  = 861 in^4 Governs
I(Lo)  =
P(Lo)  = W(Lo)*L(beam) /2
(See 1st Floor W(Lo)  = 1.25 kip/ft
Interior Beams L(beam)  = 30.00 ft
Page 10) P(Lo)  = 18.8 kip
l  = L*12 in
 = 516 in
e  = 0.05
E  = 29000 ksi
∆L  = 1.4 in
I(Lo)  = 3099 in^4
(e*P(D+Lo)*l^3)/[E*(∆D+Lo)]
(e*P(Lo)*l^3)/[E*(∆Lo)]
(Note: For calculation simplicity, factored load, Pu shall b
Service Limits
Moment of Inertia
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Beam Selection
(AISC Table 3-2) W24 x 76
Ix  = 2100 in^4
Ok > 861.1 in^4
Zx  = 200 in^3
Ok > 184.1 in^3
Vu  = c*Pu
c  = 1.5
Pu  = 55.2 kip
Vu  = 82.8 kip
(AISC Eq G2-1) φVn  = (φv)(0.6)(Fy)(Aw)(Cv)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 23.9 in
tw  = 0.44 in
Aw  = 10.52 in^2
φVn  = 315.5 kip
Ok > 82.8 kip
Moment Capacity
(AISC Table 3-2) φMn  = 750 kip-ft
Ok > 690 kip-ft
Shear Capacity
W24 x 76
(AISC Table 3-22a: See
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Summary
Ok φMn  = 750.0 > 690 Mu
Ok φVn  = 315.5 > 82.8 Vu
Ok Ix  = 2100 > 861.1 Ix Req
Ok Zx  = 861 > 184.1 Zx Req
Schedule
Girder Length Quantity
W24 x 76 25 4
W27 x 281 25 4
NOTE: Quantity Take-Off is for BOTH 1st and 2nd Floors
Use W24 x 76 for Girders 1B68, 1C68, 1E68, 1G68, 2B68, 2C68, 2E
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e Footnote)
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(AISC Eq F2-1)
3-22a: See Footnote)
(See 1st Floor 
Interior Beams
Page 10)
(See 1st Floor 
Interior Beams
Page 10)
be used)
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(AISC Table 3-2)
Ok
Ok
(AISC Eq G2-1)
Ok
(AISC Table 3-2)
Ok
e footnote)
Girder Design 1st and 2nd Floor Exterior Girders Page 16 of 16
Ok
Ok
Ok
Ok
E68, 2G68
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 APPENDIX L: SECOND FLOOR INTERIOR BEAM DESIGN CALCULATIONS 
 
Beam Design 2nd Floor Interior Beams Page 1 of 16
Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
Fully braced to concrete decking
Beam Length  = 30 ft
Tributary Width
 = 129 in
 = 10.8 ft
Factored Loads
Wu(D+Lo)  = [(1.2)(Dfloor) + (1.6)(Lo)] x Tributary Width (AISC Eq 2-3b)
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 10.8 ft
Wu(D+Lo)  = 3166 lb/ft
 = 3.17 kip/ft
Flexure
Mu  = (Wu)(L^2)/8 (AISC Table 3-23)
Wu  = 3.17 kip/ft
L  = 30 ft
Mu  = 356 kip-ft
 = 4274 kip-in
   25AC, 25CD, 25GH, 25HI
Second Floor Interior Beams: 22AC, 22CD, 22GH, 22HI
   23FG
   24AC, 24CD, 24GH, 24HI
(10'-9")
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Zx Required
Zx  = (Mu)/(φFy) (AISC Eq F2-1)
Mu  = 4274 kip-in
φ  = 0.9
Fy  = 50 ksi
Zx  = 95.0 in^3
Deflection
∆D+L  = L/240*12in = 1.5 in
∆L  = L/360*12in = 1 in
I(D+Lo)  = (AISC Table 3-23)
W(D+Lo)  = (Dfloor + Live)*Trib. Width
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 10.8 ft
 = 2280.08 lb/ft
 = 2.28 kip/ft
E  = 29000 ksi
∆D+L  = 1.5 in
L  = 30.0 ft
I(D+Lo)  = 955.3 in^4 Governs
I(Lo)  = (AISC Table 3-23)
W(Lo)  = (Live)*Trib. Width
Lo  = 100 psf
Trib. W  = 10.8 ft
 = 1075.00 lb/ft
 = 1.08 kip/ft
E  = 29000 ksi
∆L  = 1 in
L  = 30.0 ft
I(Lo)  = 675.6 in^4
Service Limits
Moment of Inertia
[5W(D+L)(L^4)]/[384E(∆D+L)]*12(in )^3
[5W(L)(L^4)]/[384E(∆D+L)]*12(in )^3
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W21 x 48 (AISC Table 3-2)
Ix  = 959 in^4
> 955.3 in^4 Ok
Zx  = 107 in^3
> 95.0 in^3 Ok
Vu  = WuL/2 (AISC  Table 3-23)
Wu  = 3.17 kip/ft
L  = 30 ft
Vu  = 47.5 kip
φVn  = (φv)(0.6)(Fy)(Aw)(Cv) (AISC Eq G2-1)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 23.6 in
tw  = 0.395 in
Aw  = 9.32 in^2
φVn  = 279.7 kip
> 47.5 kip Ok
Beam Selection
Note: Shape exceeds compact limit for flexure with Fy = 50 ksi
Shear Demand
Reactions at Ends
Shear Capacity
W21 x 48
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Moment Capacity
φMn  = (AISC Eq F3-1)
Mp = FyZx  = 5350 kip-in (AISC Eq F2-1)
Sx  = 93 in^3 (AISC Table 1-1)
λ  = bf/(2*tf)
bf/(2*tf)  = 9.47 (AISC Table 1-1)
λ  = 9.47
λpf  = 0.38*sqrt(E/Fy) (AISC Table B4.1b)
E  = 29000 ksi
Fy  = 50 ksi
λpf  = 9.15
λrf  = 1.0*sqrt(E/Fy) (AISC Table B4.1b)
 = 24.1
φMn  = 4774.795 ksi
 = 397.8996 ksi
> 356 ksi Ok
Summary
φMn  = 397.9 > 356 Mu Ok
φVn  = 279.7 > 47.5 Vu Ok
Ix  = 959 > 955.3 Ix Req Ok
Zx  = 107 > 95.0 Zx Req Ok
Use W21 x 48 for 1st Floor Beams 22AC, 22CD, 22GH, 22HI
24AC, 24CD, 24GH, 24HI
25AC, 25CD, 25GH, 25HI
Schedule
Beam Length Quantity
W21 x 48 30 12
For sections with noncompact flanges
Mp-(Mp-.7*Fy*Sx)[(λ-λpf)/(λrf-λpf)]
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Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
Fully braced to concrete decking
Beam Length  = 40 ft
Tributary Width
 = 129 in
 = 10.8 ft
Factored Loads
Wu(D+Lo)  = [(1.2)(Dfloor) + (1.6)(Lo)] x Tributary Width (AISC Eq 2
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 10.8 ft
Wu(D+Lo)  = 3166 lb/ft
 = 3.17 kip/ft
Flexure
Mu  = (Wu)(L^2)/8 (AISC Tabl
Wu  = 3.17 kip/ft
L  = 40 ft
Mu  = 633 kip-ft
 = 7599 kip-in
Second Floor Interior Beams: 22DF, 24DG, 25DG
(10'-9")
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Zx Required
Zx  = (Mu)/(φFy) (AISC Eq F
Mu  = 7599 kip-in
φ  = 0.9
Fy  = 50 ksi
Zx  = 168.9 in^3
Deflection
∆D+L  = L/240*12in  = 2 in
∆L  = L/360*12in  = 1.3 in
I(D+Lo)  = (AISC Tabl
W(D+Lo)  = (Dfloor + Live)*Trib. Width
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 10.8 ft
 = 2280.08 lb/ft
 = 2.28 kip/ft
E  = 29000 ksi
∆D+L  = 2 in
L  = 40.0 ft
I(D+Lo)  = 2264.4 in^4 Governs
I(Lo)  = (AISC Tabl
W(Lo)  = (Live)*Trib. Width
Lo  = 100 psf
Trib. W  = 10.8 ft
 = 1075.00 lb/ft
 = 1.08 kip/ft
E  = 29000 ksi
∆L  = 1.3 in
L  = 40.0 ft
I(Lo)  = 1601.4 in^4
Service Limits
Moment of Inertia
[5W(D+L)(L^4)]/[384E(∆D+L)]*12(in )^3
[5W(L)(L^4)]/[384E(∆D+L)]*12(in )^3
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W21 x 101 (AISC Tabl
Ix  = 2420 in^4
> 2264.4 in^4 Ok
Zx  = 253 in^3
> 168.9 in^3 Ok
Vu  = WuL/2 (AISC  Tabl
Wu  = 3.17 kip/ft
L  = 40.0 ft
Vu  = 63.3 kip
φVn  = (φv)(0.6)(Fy)(Aw)(Cv) (AISC Eq G
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 21.4 in
tw  = 0.5 in
Aw  = 10.70 in^2
φVn  = 321.0 kip
> 63.3 kip Ok
Beam Selection
Note: Shape is slender for compression with Fy = 50 ksi
Shear Demand
Reactions at Ends
Shear Capacity
W21 x 101
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Moment Capacity
φMn  = 949 kip-ft (AISC Tabl
> 633 kip-ft Ok
Summary
φMn  = 949 > 633 Mu Ok
φVn  = 321.0 > 63.3 Vu Ok
Ix  = 2420 > 2264.4 Ix Req Ok
Zx  = 253 > 168.9 Zx Req Ok
Schedule
Beam Length Quantity
W21 x 101 40 2
33 1
 
Use W21 x 101 for Beams 22DF, 24DG, 25DG
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Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
Fully braced to concrete decking
Beam Length  = 30 ft
Tributary Width
 = 150 in
 = 12.5 ft
Factored Loads
-3b) Wu(D+Lo)  = [(1.2)(Dfloor) + (1.6)(Lo)] x Tributary Width
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 12.5 ft
Wu(D+Lo)  = 3682 lb/ft
 = 3.68 kip/ft
Flexure
le 3-23) Mu  = (Wu)(L^2)/8
Wu  = 3.68 kip/ft
L  = 30 ft
Mu  = 414 kip-ft
 = 4970 kip-in
Second Floor Interior Beams: 26A-I, 27AB, 27CD, 27DE, 27GH, 27H
(12'-6")
Note: Tributary width of row 6 beams are treated the same as that of r
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Zx Required
F2-1) Zx  = (Mu)/(φFy)
Mu  = 4970 kip-in
φ  = 0.9
Fy  = 50 ksi
Zx  = 110.4 in^3
Deflection
∆D+L  = L/240*12in = 1.5 in
∆L  = L/360*12in = 1.0 in
le 3-23) I(D+Lo)  =
W(D+Lo)  = (Dfloor + Live)*Trib. Width
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 12.5 ft
 = 2651.25 lb/ft
 = 2.65 kip/ft
E  = 29000 ksi
∆D+L  = 1.5 in
L  = 30.0 ft
I(D+Lo)  = 1110.8 in^4 Governs
le 3-23) I(Lo)  =
W(Lo)  = (Live)*Trib. Width
Lo  = 100 psf
Trib. W  = 12.5 ft
 = 1250.00 lb/ft
 = 1.25 kip/ft
E  = 29000 ksi
∆L  = 1.0 in
L  = 30.0 ft
I(Lo)  = 785.6 in^4
[5W(D+L)(L^4)]/[384E(∆D+L)]*12(in )^3
Service Limits
Moment of Inertia
[5W(L)(L^4)]/[384E(∆D+L)]*12(in )^3
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le 3-2) W21 x 55
Ix  = 1140 in^4
> 1110.8 in^4
Zx  = 126 in^3
> 110.4 in^3
le 3-23) Vu  = WuL/2
Wu  = 3.68 kip/ft
L  = 30.0 ft
Vu  = 55.2 kip
G2-1) φVn  = (φv)(0.6)(Fy)(Aw)(Cv)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 20.8 in
tw  = 0.375 in
Aw  = 7.80 in^2
φVn  = 234.0 kip
> 55.2 kip
Beam Selection
Shear Demand
Reactions at Ends
Shear Capacity
W21 x 55
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Moment Capacity
le 3-2) φMn  = 473 kip-ft
> 414 kip-ft
Summary
φMn  = 473 > 414 Mu
φVn  = 234.0 > 55.2 Vu
Ix  = 1140 > 1110.8 Ix Req
Zx  = 126 > 110.4 Zx Req
Schedule
Beam Length Quantity
W21 x 55 30 6
10 2
20 2
W36 x 282 30 2
Use W21 x 55 for Beams 26A-I, 27AB, 27CD, 27DE, 27GH, 27HI
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(AISC Eq 2-3b)
(AISC Table 3-23)
HI
row 7 beams
Beam Design 2nd Floor Interior Beams Page 14 of 16
(AISC Eq F2-1)
(AISC Table 3-23)
(AISC Table 3-23)
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(AISC Table 3-2)
Ok
Ok
(AISC  Table 3-23)
(AISC Eq G2-1)
Ok
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(AISC Table 3-2)
Ok
Ok
Ok
Ok
Ok
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 APPENDIX M: SECOND FLOOR EXTERIOR BEAM DESIGN CALCULATIONS 
 
Beam Design 2nd Floor Exterior Beams Page 1 of 12
Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
Fully braced to concrete decking
Beam Length  = 30 ft
Tributary Width
 = 64.5 in
 = 5.38 ft
Factored Loads
Wu(D+Lo)  = [(1.2)(Dfloor) + (1.6)(Lo)] x Tributary Width (AISC Eq 2-3b)
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 5.38 ft
Wu(D+Lo)  = 1583 lb/ft
 = 1.58 kip/ft
Flexure
Mu  = (Wu)(L^2)/8 (AISC Table 3-23)
Wu  = 1.58 kip/ft
L  = 30 ft
Mu  = 178 kip-ft
 = 2137 kip-in
Zx Required
First Floor Exterior Beams: 21AC, 21CD, 21GH, 21HI
(10'-9")/2
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Zx  = (Mu)/(φFy) (AISC Eq F2-1)
Mu  = 2137 kip-in
φ  = 0.9
Fy  = 50 ksi
Zx  = 47.5 in^3
Deflection
∆D+L  = L/240*12in  = 1.5 in
∆L  = L/360*12in  = 1 in
I(D+Lo)  = (AISC Table 3-23)
W(D+Lo)  = (Dfloor + Live)*Trib. Width
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 5.4 ft
 = 1140.04 lb/ft
 = 1.14 kip/ft
E  = 29000 ksi
∆D+L  = 1.5 in
L  = 30.0 ft
I(D+Lo)  = 477.6 in^4 Governs
I(Lo)  = (AISC Table 3-23)
W(Lo)  = (Live)*Trib. Width
Lo  = 100 psf
Trib. W  = 5.4 ft
 = 537.50 lb/ft
 = 0.54 kip/ft
E  = 29000 ksi
∆L  = 1 in
L  = 30.0 ft
I(Lo)  = 337.8 in^4
Service Limits
Moment of Inertia
[5W(D+L)(L^4)]/[384E(∆D+L)]*12(in )^3
[5W(L)(L^4)]/[384E(∆D+L)]*12(in )^3
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W21 x 44 (AISC Table 3-2)
Ix  = 843 in^4
> 477.6 in^4 Ok
Zx  = 95.4 in^3
> 47.5 in^3 Ok
Vu  = WuL/2 (AISC  Table 3.23)
Wu  = 1.58 kip/ft
L  = 30 ft
Vu  = 23.7 kip
φVn  = (AISC Eq G2-1)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 20.7 in
tw  = 0.35 in
Aw  = 7.25 in^2
φVn  = 217.4 kip
> 23.7 kip Ok
Moment Capacity
φMn  = 358 kip-ft (AISC Table 3-2)
> 178 kip-ft Ok
Beam Selection
Shear Demand
Reactions at Ends
Shear Capacity
W21 x 44
(φv)(0.6)(Fy)(Aw)(Cv)
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Summary
φMn  = 358 > 178 Mu Ok
φVn  = 217.4 > 23.7 Vu Ok
Ix  = 843 > 477.6 Ix Req Ok
Zx  = 95.4 > 47.5 Zx Req Ok
Schedule
Beam Length Quantity
W21 x 44 30 2
W36 x 282 30 2
Use W21 x 44 for Beams 21AC, 21CD, 21GH, 21HI
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Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
Fully braced to concrete decking
Beam Length  = 40 ft
Tributary Width
 = 64.5 in
 = 5.38 ft
Factored Loads
Wu(D+Lo)  = [(1.2)(Dfloor) + (1.6)(Lo)] x Tributary Width (AISC Eq 2-3b)
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 5.4 ft
Wu(D+Lo)  = 1583 lb/ft
 = 1.58 kip/ft
Flexure
Mu  = (Wu)(L^2)/8 (AISC Table 3-23)
Wu  = 1.58 kip/ft
L  = 40 ft
Mu  = 317 kip-ft
 = 3799 kip-in
Zx Required
Second Floor Exterior Beams: 21DF, 21FG, 23FG
(10'-9")/2
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Zx  = (Mu)/(φFy) (AISC Eq F2-1)
Mu  = 3799 kip-in
φ  = 0.9
Fy  = 50 ksi
Zx  = 84.4 in^3
Deflection
∆D+L  = L/240*12in  = 2 in
∆L  = L/360*12in  = 1.3 in
I(D+Lo)  = (AISC Table 3-23)
W(D+Lo)  = (Dfloor + Live)*Trib. Width
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 5.4 ft
 = 1140.04 lb/ft
 = 1.14 kip/ft
E  = 29000 ksi
∆D+L  = 2 in
L  = 40.0 ft
I(D+Lo)  = 1132.2 in^4 Governs
I(Lo)  = (AISC Table 3-23)
W(Lo)  = (Live)*Trib. Width
Lo  = 100 psf
Trib. W  = 5.4 ft
 = 537.50 lb/ft
 = 0.54 kip/ft
E  = 29000 ksi
∆L  = 1.3 in
L  = 40.0 ft
I(Lo)  = 800.7 in^4
Service Limits
Moment of Inertia
[5W(D+L)(L^4)]/[384E(∆D+L)]*12(in )^3
[5W(L)(L^4)]/[384E(∆D+L)]*12(in )^3
Beam Design 2nd Floor Exterior Beams Page 7 of 12
W21 x 55 (AISC Table 3-2)
Ix  = 1140 in^4
> 1132.2 in^4 Ok
Zx  = 126 in^3
> 84.4 in^3 Ok
Vu  = WuL/2 (AISC  Table 3.23)
Wu  = 1.58 kip/ft
L  = 40 ft
Vu  = 31.7 kip
φVn  = (AISC Eq G2-1)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 20.8 in
tw  = 0.375 in
Aw  = 7.80 in^2
φVn  = 234.0 kip
> 31.7 kip Ok
Moment Capacity
φMn  = 473 kip-ft (AISC Table 3-2)
> 317 kip-ft Ok
Beam Selection
Shear Demand
Reactions at Ends
Shear Capacity
W21 x 55
(φv)(0.6)(Fy)(Aw)(Cv)
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Summary
φMn  = 473 > 317 Mu Ok
φVn  = 234.0 > 31.7 Vu Ok
Ix  = 1140 > 1132.2 Ix Req Ok
Zx  = 126 > 84.4 Zx Req Ok
Schedule
Beam Length Quantity
W21 x 55 33 1
7 2
Use W21 x 55 for Beams  21DF, 21FG, 23FG
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Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
Fully braced to concrete decking
Beam Length  = 30 ft
Tributary Width
 = 75 in
 = 6.3 ft
Factored Loads
Wu(D+Lo)  = [(1.2)(Dfloor) + (1.6)(Lo)] x Tributary Width (AISC Eq 2-3b)
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 6.3 ft
Wu(D+Lo)  = 1841 lb/ft
 = 1.84 kip/ft
Flexure
Mu  = (Wu)(L^2)/8 (AISC Table 3-23)
Wu  = 1.84 kip/ft
L  = 30 ft
Mu  = 207 kip-ft
 = 2485 kip-in
Zx Required
Second Floor Exterior Beams: 28AB, 28BC, 28CD, 28DE, 28EG, 28GH, 28HI
(12'-6")/2
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Zx  = (Mu)/(φFy) (AISC Eq F2-1)
Mu  = 2485 kip-in
φ  = 0.9
Fy  = 50 ksi
Zx  = 55.2 in^3
Deflection
∆D+L  = L/240*12in = 1.5 in
∆L  = L/360*12in = 1.0 in
I(D+Lo)  = (AISC Table 3-23)
W(D+Lo)  = (Dfloor + Live)*Trib. Width
Dfloor  = 112.1 psf
Lo  = 100 psf
Trib. W  = 6.3 ft
 = 1325.63 lb/ft
 = 1.33 kip/ft
E  = 29000 ksi
∆D+L  = 1.5 in
L  = 30.0 ft
I(D+Lo)  = 555.4 in^4 Governs
I(Lo)  = (AISC Table 3-23)
W(Lo)  = (Live)*Trib. Width
Lo  = 100 psf
Trib. W  = 6.3 ft
 = 625.00 lb/ft
 = 0.63 kip/ft
E  = 29000 ksi
∆L  = 1.0 in
L  = 30.0 ft
I(Lo)  = 392.8 in^4
Service Limits
Moment of Inertia
[5W(D+L)(L^4)]/[384E(∆D+L)]*12(in )^3
[5W(L)(L^4)]/[384E(∆D+L)]*12(in )^3
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W21 x 44 (AISC Table 3-2)
Ix  = 843 in^4
> 555.4 in^4 Ok
Zx  = 95.4 in^3
> 55.2 in^3 Ok
Vu  = WuL/2 (AISC  Table 3.23)
Wu  = 1.84 kip/ft
L  = 30 ft
Vu  = 27.6 kip
φVn  = (AISC Eq G2-1)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 20.7 in
tw  = 0.35 in
Aw  = 7.25 in^2
φVn  = 217.4 kip
> 27.6 kip Ok
Moment Capacity
φMn  = 358 kip-ft (AISC Table 3-2)
> 207 kip-ft Ok
Beam Selection
Shear Demand
Reactions at Ends
Shear Capacity
W21 x 44
(φv)(0.6)(Fy)(Aw)(Cv)
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Summary
φMn  = 358 > 207 Mu Ok
φVn  = 217.4 > 27.6 Vu Ok
Ix  = 843 > 555.4 Ix Req Ok
Zx  = 95.4 > 55.2 Zx Req Ok
Schedule
Beam Length Quantity
W21 x 44 30 3
W21 x 44 10 2
W36 x 282 30 1
W36 x 282 20 1
Use W21 x 44 for Beams 28AB, 28BC, 28CD, 28DE, 28EG, 28GH, 28HI
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 APPENDIX N: ROOF INTERIOR AND EXTERIOR BEAM DESIGN 
CALCULATIONS 
 
Beam Design Roof Interior Beams Page 1 of 16
Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
Fully braced to concrete decking
Beam Length  = 30 ft
Tributary Width
 = 129 in
 = 10.8 ft
Factored Loads
Wu(D+Lo)  = (AISC Eq 2-3b)
Droof2  = 178.35 psf
Lo  = 100 psf
Trib. W  = 10.8 ft
Wu(D+Lo)  = 4021 lb/ft
 = 4.02 kip/ft
Flexure
Mu  = (Wu)(L^2)/8 (AISC Table 3-23)
Wu  = 4.02 kip/ft
L  = 30 ft
Mu  = 452 kip-ft
 = 5428 kip-in
Zx Required
Roof Interior Beams: R2AB, R2BC, R2CE, R2FG, R2GH R4AB, R4BC, R4FG, R4GH, R5A
R5BC, R5FG, R5GH
(10'-9")
[(1.2)(Droof2) + (1.6)(Lo)] x Tributary Width
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Zx  = (Mu)/(φFy) (AISC Eq F2-1)
Mu  = 5428 kip-in
φ  = 0.9
Fy  = 50 ksi
Zx  = 120.6 in^3
Deflection
∆D+L  = L/240*12in = 1.5 in
∆L  = L/360*12in = 1.0 in
I(D+Lo)  = (AISC Table 3-23)
W(D+Lo)  = (Droof2 + Live)*Trib. Width
Droof2  = 178.35 psf
Lo  = 100 psf
Trib. W  = 10.8 ft
 = 2992.26 lb/ft
 = 2.99 kip/ft
E  = 29000 ksi
∆D+L  = 1.5 in
L  = 30.0 ft
I(D+Lo)  = 1253.7 in^4 Governs
I(Lo)  = (AISC Table 3-23)
W(Lo)  = (Live)*Trib. Width
Lo  = 100 psf
Trib. W  = 10.8 ft
 = 1075.00 lb/ft
 = 1.08 kip/ft
E  = 29000 ksi
∆L  = 1.0 in
L  = 30.0 ft
I(Lo)  = 675.6 in^4
Moment of Inertia
[5W(D+L)(L^4)]/[384E(∆D+L)]*12(in )^3
[5W(L)(L^4)]/[384E(∆D+L)]*12(in )^3
Beam Selection
Service Limits
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W21 x 62 (AISC Table 3-2)
Ix  = 1330 in^4
> 1253.7 in^4 Ok
Zx  = 144 in^3
> 120.6 in^3 Ok
Vu  = WuL/2 (AISC  Table 3.23)
Wu  = 4.02 kip/ft
L  = 30 ft
Vu  = 60.3 kip
φVn  = (AISC Eq G2-1)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 21 in
tw  = 0.4 in
Aw  = 8.40 in^2
φVn  = 252.0 kip
> 60.3 kip Ok
Moment Capacity
φMn  = 540 kip-ft (AISC Table 3-2)
> 452 kip-ft Ok
Summary
(φv)(0.6)(Fy)(Aw)(Cv)
Shear Demand
Reactions at Ends
Shear Capacity
W21 x 62
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φMn  = 540 > 452 Mu Ok
φVn  = 252.0 > 60.3 Vu Ok
Ix  = 1330 > 1253.7 Ix Req Ok
Zx  = 144 > 120.6 Zx Req Ok
Use W21 x 62 for Beams R2AB, R2BC, R2CE, R2FG, R2GH R4AB, R4BC, R3FG, R4GH, 
Schedule
Beam Length Quantity
W21 x 62 30 12
32 1
R5AB, R5BC, R5FG, R5GH
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Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
Fully braced to concrete decking
Beam Length  = 30 ft
Tributary Width
 = 150 in
 = 12.5 ft
Factored Loads
Wu(D+Lo)  = (AISC Eq 2-3b)
Droof2  = 178.35 psf
Lo  = 100 psf
Trib. W  = 12.5 ft
Wu(D+Lo)  = 4675 lb/ft
 = 4.68 kip/ft
Flexure
Mu  = (Wu)(L^2)/8 (AISC Table 3-23)
Wu  = 4.68 kip/ft
L  = 30 ft
Mu  = 526 kip-ft
 = 6312 kip-in
Zx Required
Roof Interior Beams: R6AB, R6FG, R6GH, R7AB, R7FG, R7GH
(12'-6")
[(1.2)(Droof2) + (1.6)(Lo)] x Tributary Width
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Zx  = (Mu)/(φFy) (AISC Eq F2-1)
Mu  = 6312 kip-in
φ  = 0.9
Fy  = 50 ksi
Zx  = 140.3 in^3
Deflection
∆D+L  = L/240*12in = 1.5 in
∆L  = L/360*12in = 1.0 in
I(D+Lo)  = (AISC Table 3-23)
W(D+Lo)  = (Droof2 + Live)*Trib. Width
Droof2  = 178.35 psf
Lo  = 100 psf
Trib. W  = 12.5 ft
 = 3479.38 lb/ft
 = 3.48 kip/ft
E  = 29000 ksi
∆D+L  = 1.5 in
L  = 30.0 ft
I(D+Lo)  = 1457.7 in^4 Governs
I(Lo)  = (AISC Table 3-23)
W(Lo)  = (Live)*Trib. Width
Lo  = 100 psf
Trib. W  = 12.5 ft
 = 1250.00 lb/ft
 = 1.25 kip/ft
E  = 29000 ksi
∆L  = 1.0 in
L  = 30.0 ft
I(Lo)  = 785.6 in^4
[5W(L)(L^4)]/[384E(∆D+L)]*12(in )^3
Beam Selection
Service Limits
Moment of Inertia
[5W(D+L)(L^4)]/[384E(∆D+L)]*12(in )^3
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W21 x 68 (AISC Table 3-2)
Ix  = 1480 in^4
> 1457.7 in^4 Ok
Zx  = 160 in^3
> 140.3 in^3 Ok
Vu  = WuL/2 (AISC  Table 3.23)
Wu  = 4.68 kip/ft
L  = 30 ft
Vu  = 70.1 kip
φVn  = (AISC Eq G2-1)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 21.1 in
tw  = 0.43 in
Aw  = 9.07 in^2
φVn  = 272.2 kip
> 70.1 kip Ok
Moment Capacity
φMn  = 600 kip-ft (AISC Table 3-2)
> 526 kip-ft Ok
Summary
Shear Demand
Reactions at Ends
(φv)(0.6)(Fy)(Aw)(Cv)
Shear Capacity
W21 x 68
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φMn  = 600 > 526 Mu Ok
φVn  = 272.2 > 70.1 Vu Ok
Ix  = 1480 > 1457.7 Ix Req Ok
Zx  = 160 > 140.3 Zx Req Ok
Schedule
Beam Length Quantity
W21 x 68 30 6
Use W21 x 68 for Beams R6AB, R6FG, R6GH, R7AB, R7FG, R7GH
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Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
Fully braced to concrete decking
Beam Length  = 40 ft
Tributary Width
 = 129 in
 = 10.8 ft
Factored Loads
Wu(D+Lo)  = (AISC Eq 2-3b)
Droof2  = 178.35 psf
Lo  = 100 psf
Trib. W  = 10.8 ft
Wu(D+Lo)  = 4021 lb/ft
 = 4.02 kip/ft
Flexure
Mu  = (Wu)(L^2)/8 (AISC Table 3-23)
Wu  = 4.02 kip/ft
L  = 40 ft
Mu  = 804 kip-ft
 = 9650 kip-in
Zx Required
Roof Interior Beams: R4CF, R5CF
(10'-9")
[(1.2)(Droof2) + (1.6)(Lo)] x Tributary Width
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Zx  = (Mu)/(φFy) (AISC Eq F2-1)
Mu  = 9650 kip-in
φ  = 0.9
Fy  = 50 ksi
Zx  = 214.4 in^3
Deflection
∆D+L  = L/240*12in = 2 in
∆L  = L/360*12in = 1.3 in
I(D+Lo)  = (AISC Table 3-23)
W(D+Lo)  = (Droof2 + Live)*Trib. Width
Droof2  = 178.35 psf
Lo  = 100 psf
Trib. W  = 10.8 ft
 = 2992.26 lb/ft
 = 2.99 kip/ft
E  = 29000 ksi
∆D+L  = 2 in
L  = 40.0 ft
I(D+Lo)  = 2971.6 in^4 Governs
I(Lo)  = (AISC Table 3-23)
W(Lo)  = (Live)*Trib. Width
Lo  = 100 psf
Trib. W  = 10.8 ft
 = 1075.00 lb/ft
 = 1.08 kip/ft
E  = 29000 ksi
∆L  = 1.3 in
L  = 40.0 ft
I(Lo)  = 1601.4 in^4
[5W(L)(L^4)]/[384E(∆D+L)]*12(in )^3
Beam Selection
[5W(D+L)(L^4)]/[384E(∆D+L)]*12(in )^3
Service Limits
Moment of Inertia
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(AISC Table 3-2)
Ix  = 3220 in^4
> 2971.6 in^4 Ok
Zx  = 333 in^3
> 214.4 in^3 Ok
Vu  = WuL/2 (AISC  Table 3.23)
Wu  = 4.02 kip/ft
L  = 40 ft
Vu  = 80.4 kip
φVn  = (AISC Eq G2-1)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 21.8 in
tw  = 0.65 in
Aw  = 14.17 in^2
φVn  = 425.1 kip
> 80.4 kip Ok
Moment Capacity
φMn  = 1250 kip-ft (AISC Table 3-2)
> 804 kip-ft Ok
Summary
(φv)(0.6)(Fy)(Aw)(Cv)
W21 x 132
Shear Capacity
W21 x 132
Shear Demand
Reactions at Ends
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φMn  = 1250 > 804 Mu Ok
φVn  = 425.1 > 80.4 Vu Ok
Ix  = 3220 > 2971.6 Ix Req Ok
Zx  = 333 > 214.4 Zx Req Ok
Schedule
Beam Length Quantity
W21 x 132 40 2
Use W21 x 132 for Beams R4CF, R5CF
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Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin‐pin connection
Fully braced to concrete decking
Beam Length  = 30 ft
Tributary Width
 = 129 in
 = 10.75 ft
Factored Loads
Wu(D+Lo)  = (AISC Eq 2‐3b)
Droof1  = #REF! psf
Lo  = 100 psf
Trib. W  = 10.75 ft
Wu(D+Lo)  = #REF! lb/ft
 = #REF! kip/ft
Flexure
Mu  = (Wu)(L^2)/8 (AISC Table 3‐23)
Wu  = #REF! kip/ft
L  = 30 ft
Mu  = #REF! kip‐ft
 = #REF! kip‐in
Zx Required
Roof Interior Beams: R2FG, R2GH, R4FG, R4GH, R5FG, R5GH
(10'‐9")
[(1.2)(Droof1) + (1.6)(Lo)] x Tributary Width
Beam Design Roof Interior Beams Page 14 of 16
Zx  = (Mu)/(φFy) (AISC Eq F2‐1)
Mu  = #REF! kip‐in
φ  = 0.9
Fy  = 50 ksi
Zx  = #REF! in^3
Deflection
∆D+L  = L/240*12in = 1.5 in
∆L  = L/360*12in = 1 in
I(D+Lo)  = (AISC Table 3‐23)
W(D+Lo)  = (Droof1 + Live)*Trib. Width
Droof1 = #REF! psf
Lo = 100 psf
Trib. W = 10.75 ft
 = #REF! lb/ft
 = #REF! kip/ft
E  = 29000 ksi
∆D+L  = 1.5 in
L  = 30 ft
I(D+Lo)  = #REF! in^4 Governs
I(Lo)  = (AISC Table 3‐23)
W(Lo)  = (Live)*Trib. Width
Lo = 100 psf
Trib. W = 10.75 ft
 = 1075 lb/ft
 = 1.075 kip/ft
E  = 29000 ksi
∆L  = 1 in
L  = 30 ft
I(Lo)  = 675.5819 in^4
Service Limits
Moment of Inertia
[5W(L)(L^4)]/[384E(∆D+L)]*12(in)^3
Beam Selection
[5W(D+L)(L^4)]/[384E(∆D+L)]*12(in)^3
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W21 x 62 (AISC Table 3‐2)
Ix  = 843 in^4
> #REF! in^4 Ok
Zx  = 95.4 in^3
> #REF! in^3 Ok
Vu  = WuL/2 (AISC Table 3.23)
Wu  = #REF! kip/ft
L  = 30 ft
Vu  = #REF! kip
φVn  = (AISC Eq G2‐1)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d = 20.7 in
tw = 0.35 in
Aw  = 7.245 in^2
φVn  = 217.35 kip
> #REF! kip Ok
Moment Capacity
φMn  = 358 kip‐ft (AISC Table 3‐2)
> #REF! kip‐ft Ok
Summary
Shear Demand
Reactions at Ends
Shear Capacity
W21 x 44
(φv)(0.6)(Fy)(Aw)(Cv)
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φMn  = 358 > #REF! Mu Ok
φVn  = 217.35 > #REF! Vu Ok
Ix  = 843 > #REF! Ix Req Ok
Zx  = 95.4 > #REF! Zx Req Ok
Use W21 x 44 for Beams R2FG, R2GH, R4FG, R4GH, R5FG, R5GH
Schedule
Beam Length Quantity
W21 x 44 30 6
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Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
Fully braced to concrete decking
Beam Length  = 30 ft
Tributary Width
 = 64.5 in
 = 5.4 ft
Factored Loads
Wu(D+Lo)  = (AISC Eq 2-3b)
Droof2  = 178.35 psf
Lo  = 100 psf
Trib. W  = 5.4 ft
Wu(D+Lo)  = 2010 lb/ft
 = 2.01 kip/ft
Flexure
Mu  = (Wu)(L^2)/8 (AISC Table 3-23)
Wu  = 2.01 kip/ft
L  = 30 ft
Mu  = 226 kip-ft
 = 2714 kip-in
Zx Required
(10'-9")/2
[(1.2)(Droof2) + (1.6)(Lo)] x Tributary Width
Roof Exterior Beams: R1AB, R1BC, R1CE, R1EF, R1FG, R1GH, R6BC, R6CD, R6DF
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Zx  = (Mu)/(φFy) (AISC Eq F2-1)
Mu  = 2714 kip-in
φ  = 0.9
Fy  = 50 ksi
Zx  = 60.3 in^3
Deflection
∆D+L  = L/240*12in  = 1.5 in
∆L  = L/360*12in  = 1.0 in
I(D+Lo)  = (AISC Table 3-23)
W(D+Lo)  = (Droof2 + Live)*Trib. Width
Droof2  = 178.35 psf
Lo  = 100 psf
Trib. W  = 5.4 ft
 = 1496.13 lb/ft
 = 1.50 kip/ft
E  = 29000 ksi
∆D+L  = 1.5 in
L  = 30.0 ft
I(D+Lo)  = 626.8 in^4 Governs
I(Lo)  = (AISC Table 3-23)
W(Lo)  = (Live)*Trib. Width
Lo  = 100 psf
Trib. W  = 5.4 ft
 = 537.50 lb/ft
 = 0.54 kip/ft
E  = 29000 ksi
∆L  = 1.0 in
L  = 30.0 ft
I(Lo)  = 337.8 in^4
Service Limits
Moment of Inertia
[5W(D+L)(L^4)]/[384E(∆D+L)]*12(in )^3
[5W(L)(L^4)]/[384E(∆D+L)]*12(in )^3
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W21 x 44 (AISC Table 3-2)
Ix  = 843 in^4
> 626.8 in^4 Ok
Zx  = 95.4 in^3
> 60.3 in^3 Ok
Vu  = WuL/2 (AISC  Table 3.23)
Wu  = 2.01 kip/ft
L  = 30 ft
Vu  = 30.2 kip
φVn  = (AISC Eq G2-1)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 20.7 in
tw  = 0.35 in
Aw  = 7.25 in^2
φVn  = 217.4 kip
> 30.2 kip Ok
Moment Capacity
φMn  = 358 kip-ft (AISC Table 3-2)
> 226 kip-ft Ok
(φv)(0.6)(Fy)(Aw)(Cv)
Beam Selection
Shear Demand
Reactions at Ends
Shear Capacity
W21 x 44
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Summary
φMn  = 358 > 226 Mu Ok
φVn  = 217.4 > 30.2 Vu Ok
Ix  = 843 > 626.8 Ix Req Ok
Zx  = 95.4 > 60.3 Zx Req Ok
Schedule
Beam Length Quantity
W21 x 44 30 6
32?? 1
8?? 2
Use W21 x 44 for Beams R1AB, R1BC, R1CE, R1EF, R1FG, R1GH, R6BC, R6CD, R6DF
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Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
Fully braced to concrete decking
Beam Length  = 30 ft
Tributary Width
 = 75 in
 = 6.3 ft
Factored Loads
Wu(D+Lo)  = (AISC Eq 2-3b)
Droof2  = 178.35 psf
Lo  = 100 psf
Trib. W  = 6.3 ft
Wu(D+Lo)  = 2338 lb/ft
 = 2.34 kip/ft
Flexure
Mu  = (Wu)(L^2)/8 (AISC Table 3-23)
Wu  = 2.34 kip/ft
L  = 30 ft
Mu  = 263 kip-ft
 = 3156 kip-in
Zx Required
Roof Exterior Beams: R8AB, R8DF, R8FG, R8GH
(12'-6")/2
[(1.2)(Droof2) + (1.6)(Lo)] x Tributary Width
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Zx  = (Mu)/(φFy) (AISC Eq F2-1)
Mu  = 3156 kip-in
φ  = 0.9
Fy  = 50 ksi
Zx  = 70.1 in^3
Deflection
∆D+L  = L/240*12in  = 1.5 in
∆L  = L/360*12in  = 1.0 in
I(D+Lo)  = (AISC Table 3-23)
W(D+Lo)  = (Droof2 + Live)*Trib. Width
Droof2  = 178.35 psf
Lo  = 100 psf
Trib. W  = 6.3 ft
 = 1739.69 lb/ft
 = 1.74 kip/ft
E  = 29000 ksi
∆D+L  = 1.5 in
L  = 30.0 ft
I(D+Lo)  = 728.9 in^4 Governs
I(Lo)  = (AISC Table 3-23)
W(Lo)  = (Live)*Trib. Width
Lo  = 100 psf
Trib. W  = 6.3 ft
 = 625.00 lb/ft
 = 0.63 kip/ft
E  = 29000 ksi
∆L  = 1.0 in
L  = 30.0 ft
I(Lo)  = 392.8 in^4
Service Limits
Moment of Inertia
[5W(D+L)(L^4)]/[384E(∆D+L)]*12(in )^3
[5W(L)(L^4)]/[384E(∆D+L)]*12(in )^3
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W21 x 44 (AISC Table 3-2)
Ix  = 843 in^4
> 728.9 in^4 Ok
Zx  = 95.4 in^3
> 70.1 in^3 Ok
Vu  = WuL/2 (AISC  Table 3.23)
Wu  = 2.34 kip/ft
L  = 30 ft
Vu  = 35.1 kip
φVn  = (AISC Eq G2-1)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 20.7 in
tw  = 0.35 in
Aw  = 7.25 in^2
φVn  = 217.4 kip
> 35.1 kip Ok
Moment Capacity
φMn  = 358 kip-ft (AISC Table 3-2)
> 263 kip-ft Ok
Beam Selection
Shear Demand
Reactions at Ends
Shear Capacity
W21 x 44
(φv)(0.6)(Fy)(Aw)(Cv)
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Summary
φMn  = 358 > 263 Mu Ok
φVn  = 217.4 > 35.1 Vu Ok
Ix  = 843 > 728.9 Ix Req Ok
Zx  = 95.4 > 70.1 Zx Req Ok
Use W21 x 44 for Beams R8AB, R8DF, R8FG, R8GH
Schedule
Beam Length Quantity
W21 x 44 30 3
10 1
O-1 
 
 APPENDIX O: ROOF INTERIOR AND EXTERIOR GIRDER DESIGN 
CALCULATIONS 
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Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
 = 43 ft
Point Loads
10.75 ft EQ
Factored Loads
Pu  = 2*Vu  = 120.6 kip
Flexure
Mu(max)  = a*Pu*L
a  = 0.5
Pu  = 120.6 kip
L  = 43 ft
Mu(max)  = 2593 kip-ft
 = 31120 kip-in
(AISC Table 3-22a: See Footnote)
Roof Interior Girders: RB16, RG16
Girder Length, L
Girder shall support composite deck ∴ No LTB
3 Point Loads, P @ 
( See Roof Interior Beams Pg. 3)
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Zx Required
Zx  = (Mu)/(ϕFy) (AISC Eq F2-1)
Mu  = 31120 kip-in
ϕ  = 0.9
Fy  = 50 ksi
Zx  = 692 in^3
Max Deflection
∆D+Lo  = L/240*12in = 2.15 in
∆Lo  = L/360*12in = 1.4 in
I(D+Lo)  = (AISC Table 3-22a: See Footnote)
 = W(Droof2+Lo)*L(beam)
W(D+Lo)  = 2.99 kip/ft (See Roof
L(beam)  = 30 ft Interior Beams
 = 89.8 kip Page 2)
l  = L*12 in
L  = 43 ft
l  = 516 in
e  = 0.05
E  = 29000 ksi
∆D+L  = 2.15 in
I(D+Lo)  = 9890 in^4 Governs
I(Lo)  =
P(Lo)  = W(Lo)*L(beam)
W(Lo)  = 1.08 kip/ft (See Roof
L(beam)  = 30.00 ft Interior Beams
P(Lo)  = 32.3 kip Page 2)
l  = L*12 in
 = 516 in
e  = 0.05
E  = 29000 ksi
∆L  = 1.4 in
I(Lo)  = 5330 in^4
P(Droof2+Lo)
P(Droof2+Lo)
(Note: For calculation simplicity, factored load, Pu shall be used)
Service Limits
Moment of Inertia
(e*P(D+Lo)*l^3)/[E*(∆D+Lo)]
(e*P(Lo)*l^3)/[E*(∆Lo)]
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Beam Selection
W40 x 167 (AISC Table 3-2)
Ix  = 11600 in^4
> 9890.2 in^4 Ok
Zx  = 693 in^3
> 691.6 in^3 Ok
Vu  = c*Pu
c  = 1.5
Pu  = 120.6 kip
Vu  = 180.9 kip
φVn  = (φv)(0.6)(Fy)(Aw)(Cv) (AISC Eq G2-1)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 38.7 in
tw  = 0.65 in
Aw  = 25.16 in^2
φVn  = 754.7 kip
> 180.9 kip Ok
Moment Capacity
φMn  = 2600 kip-ft (AISC Table 3-2)
> 2593 kip-ft Ok
W40 x 167
(AISC Table 3-22a: See footnote)
Shear Capacity
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Summary
φMn  = 2600.0 > 2593 Mu Ok
φVn  = 754.7 > 180.9 Vu Ok
Ix  = 11600 > 9890.2 Ix Req Ok
Zx  = 693 > 691.6 Zx Req Ok
Schedule
Girder Length Quantity
W40 x 167 43 2
Use W40 x 167 for Girder RB16, RG16
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Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
 = 43 ft
Point Loads
10.75 ft EQ
Factored Loads
Pu  = 2*Vu  = 160.8 kip
Flexure
Mu(max)  = a*Pu*L
a  = 0.5
Pu  = 160.8 kip
L  = 43 ft
Mu(max)  = 3458 kip-ft
 = 41494 kip-in
(AISC Table 3-22a: See Footnote)
Roof Interior Girders: RC16, RF36
Girder Length, L
Girder shall support composite deck ∴ No LTB
3 Point Loads, P @ 
( See Roof Interior Beams Pg. 15)
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Zx Required
Zx  = (Mu)/(ϕFy) (AISC Eq F2-1)
Mu  = 41494 kip-in
ϕ  = 0.9
Fy  = 50 ksi
Zx  = 922 in^3
Max Deflection
∆D+Lo  = L/240*12in = 2.15 in
∆Lo  = L/360*12in = 1.4 in
I(D+Lo)  = (AISC Table 3-22a: See Footnote)
 = W(Droof2+Lo)*L(beam)
W(D+Lo)  = 2.99 kip/ft (See Roof
L(beam)  = 40 ft Interior Beams
 = 119.7 kip Page 2)
l  = L*12 in
L  = 43 ft
l  = 516 in
e  = 0.05
E  = 29000 ksi
∆D+L  = 2.15 in
I(D+Lo)  = 13187 in^4 Governs
I(Lo)  =
P(Lo)  = W(Lo)*L(beam)
W(Lo)  = 1.25 kip/ft (See Roof
L(beam)  = 40 ft Interior Beams
P(Lo)  = 50.0 kip Page 2)
l  = L*12 in
 = 516 in
e  = 0.05
E  = 29000 ksi
∆L  = 1.4 in
I(Lo)  = 8263 in^4
(Note: For calculation simplicity, factored load, Pu shall be used)
Service Limits
Moment of Inertia
(e*P(D+Lo)*l^3)/[E*(∆D+Lo)]
P(Droof2+Lo)
P(Droof2+Lo)
(e*P(Lo)*l^3)/[E*(∆Lo)]
Girder Design Roof Interior Girders Page 7 of 12
Beam Selection
W40 x 215 (AISC Table 3-2)
Ix  = 16700 in^4
> 13186.9 in^4 Ok
Zx  = 964 in^3
> 922.1 in^3 Ok
Vu  = c*Pu
c  = 1.5
Pu  = 160.8 kip
Vu  = 241.2 kip
φVn  = (φv)(0.6)(Fy)(Aw)(Cv) (AISC Eq G2-1)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 39 in
tw  = 0.65 in
Aw  = 25.35 in^2
φVn  = 760.5 kip
> 241.2 kip Ok
Moment Capacity
φMn  = 3620 kip-ft (AISC Table 3-2)
> 3458 kip-ft Ok
Shear Capacity
W40 x 215
(AISC Table 3-22a: See footnote)
Girder Design Roof Interior Girders Page 8 of 12
Summary
φMn  = 3620.0 > 3458 Mu Ok
φVn  = 760.5 > 241.2 Vu Ok
Ix  = 16700 > 13186.9 Ix Req Ok
Zx  = 964 > 922.1 Zx Req Ok
Schedule
Girder Length Quantity
W40 x 215 43 1
25 1
Use W40 x 215 for Girder RC16, RF36
Girder Design Roof Interior Girders Page 9 of 12
Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin‐pin connection
 = 25 ft
Point Loads
12.5 ft EQ
Factored Loads
Pu  = Vu  = 70.12875 kip
Flexure
Mu(max)  = Pu*L/4
Pu  = 70.12875 kip
L  = 25 ft
Mu(max)  = 438.3047 kip‐ft
 = 5259.656 kip‐in
Roof Interior Girders: RG68
Girder Length, L
Girder shall support composite deck ∴ No LTB
1 Point Load, P @ 
( See Roof Interior Beams Pg. 11)
(AISC Table 3‐22a: See Footnote)
Girder Design Roof Interior Girders Page 10 of 12
Zx Required
Zx  = (Mu)/(ϕFy) (AISC Eq F2‐1)
Mu  = 5259.656 kip‐in
ϕ  = 0.9
Fy  = 50 ksi
Zx  = 116.8813 in^3
Max Deflection
∆D+Lo  = L/240*12in = 1.25 in
∆Lo  = L/360*12in = 0.833333 in
I(D+Lo)  =
 = W(Droof2+Lo)*L(beam)
W(D+Lo) = 3.479375 kip/ft (See Roof
L(beam) = 30 ft Interior Beams
 = 104.3813 kip Page 10)
l  = L*12 in
L = 25 ft
l  = 300 in
E  = 29000 ksi
∆D+L  = 1.25 in
I(D+Lo)  = 1619.709 in^4 Governs
I(Lo)  =
P(Lo)  = W(Lo)*L(beam)
W(Lo) = 1.25 kip/ft (See Roof
L(beam) = 25 ft Interior Beams
P(Lo)  = 31.25 kip Page 10)
l  = L*12 in
 = 300 in
E  = 29000 ksi
∆L  = 0.833333 in
I(Lo)  = 727.3707 in^4
(P(Lo)*l^3)/(48EI)
(Note: For calculation simplicity, factored load, Pu shall be used)
Service Limits
Moment of Inertia
(P(D+Lo)*l^3)/(48EI) (AISC Table 3‐23)
P(Droof2+Lo)
Girder Design Roof Interior Girders Page 11 of 12
Beam Selection
(AISC Table 3‐2)
Ix  = 2850 in^4
> 1619.709 in^4 Ok
Zx  = 244 in^3
> 116.8813 in^3 Ok
Vu  = Pu/2
Pu  = 70.12875 kip
Vu  = 35.06438 kip
φVn  = (φv)(0.6)(Fy)(Aw)(Cv) (AISC Eq G2‐1)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d = 26.7 in
tw = 0.46 in
Aw  = 12.282 in^2
φVn  = 368.46 kip
> 35.06438 kip Ok
Moment Capacity
φMn  = 915 kip‐ft (AISC Table 3‐2)
> 438.3047 kip‐ft Ok
(AISC Table 3‐22a: See footnote)
W27 x 84
Shear Capacity
W27 x 84
Girder Design Roof Interior Girders Page 12 of 12
Summary
φMn  = 915 > 438.3047 Mu Ok
φVn  = 368.46 > 35.06438 Vu Ok
Ix  = 2850 > 1619.709 Ix Req Ok
Zx  = 244 > 116.8813 Zx Req Ok
Schedule
Girder Length Quantity
W27 x 84 25 1
Use W27 x 84 for Girder RG68
Girder Design Roof Exterior Girders Page 1 of 8
Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
 = 21.5 ft
Point Loads
10.75 ft EQ
Factored Loads
Pu  = Vu  = 60.3 kip
Flexure
Mu(max)  = a*Pu*L
a  = 0.5
Pu  = 60.3 kip
L  = 21.5 ft
Mu(max)  = 648 kip-ft
 = 7780 kip-in
(AISC Table 3-22a: See Footnote)
Roof Exterior Girders: RA14, RA46, RH14, RH46
Girder Length, L
Girder shall support composite deck ∴ No LTB
1 Point Loads, P @ 
( See Roof Interior Beams Pg. 3)
Girder Design Roof Exterior Girders Page 2 of 8
Zx Required
Zx  = (Mu)/(ϕFy) (AISC Eq F2-1)
Mu  = 7780 kip-in
ϕ  = 0.9
Fy  = 50 ksi
Zx  = 173 in^3
Max Deflection
∆D+Lo  = L/240*12in = 1.075 in
∆Lo  = L/360*12in = 0.7 in
I(D+Lo)  = (AISC Table 3-22a: See Footnote)
 = W(Droof2+Lo)*L(beam)
W(D+Lo)  = 2.99 kip/ft (See Roof
L(beam)  = 30 ft Interior Beams
 = 89.8 kip Page 2)
 = 44.9 kip
l  = L*12 in
L  = 21.5 ft
l  = 258 in
e  = 0.05
E  = 29000 ksi
∆D+L  = 1.075 in
I(D+Lo)  = 1236 in^4 Governs
I(Lo)  =
P(Lo)  = W(Lo)*L(beam)
W(Lo)  = 1.08 kip/ft (See Roof
L(beam)  = 30.00 ft Interior Beams
P(Lo)  = 16.1 kip Page 2)
l  = L*12 in
 = 258 in
e  = 0.05
E  = 29000 ksi
∆L  = 0.7 in
I(Lo)  = 666 in^4
(Note: For calculation simplicity, factored load, Pu shall be used)
Service Limits
Moment of Inertia
(e*P(D+Lo)*l^3)/[E*(∆D+Lo)]
P(Droof2+Lo)
P(Droof2+Lo)
P(Droof2+Lo)/2
(e*P(Lo)*l^3)/[E*(∆Lo)]
Girder Design Roof Exterior Girders Page 3 of 8
Beam Selection
(AISC Table 3-2)
Ix  = 4930 in^4
> 1236.3 in^4 Ok
Zx  = 378 in^3
> 172.9 in^3 Ok
Vu  = c*Pu
c  = 1.5
Pu  = 60.3 kip
Vu  = 90.5 kip
φVn  = (φv)(0.6)(Fy)(Aw)(Cv) (AISC Eq G2-1)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 30 in
tw  = 0.565 in
Aw  = 16.95 in^2
φVn  = 508.5 kip
> 90.5 kip Ok
Moment Capacity
φMn  = 1420 kip-ft (AISC Table 3-2)
> 648 kip-ft Ok
(AISC Table 3-22a: See footnote)
W30 x 116
Shear Capacity
W30 x 116
Girder Design Roof Exterior Girders Page 4 of 8
Summary
φMn  = 1420.0 > 648 Mu Ok
φVn  = 508.5 > 90.5 Vu Ok
Ix  = 4930 > 1236.3 Ix Req Ok
Zx  = 378 > 172.9 Zx Req Ok
Schedule
Girder Length Quantity
W30 x 116 21.5 4
Use W30 x 116 for Girder RA14, RA46, RH14, RH46
Girder Design Roof Exterior Girders Page 5 of 8
Beam Name
Steel Properties
A992, Grade 50
Assumptions
Pin-pin connection
 = 25 ft
Point Loads
12.5 ft EQ
Factored Loads
Pu  = Vu  = 70.1 kip
Flexure
Mu(max)  = Pu*L/4
Pu  = 70.1 kip
L  = 25 ft
Mu(max)  = 438 kip-ft
 = 5260 kip-in
(AISC Table 3-22a: See Footnote)
Roof Exterior Girders: RA68, RB68, RC68, RD68, RE68, RF68, RG68, RH68, R
Girder Length, L
Girder shall support composite deck ∴ No LTB
1 Point Load, P @ 
( See Roof Interior Beams Pg. 11)
Girder Design Roof Exterior Girders Page 6 of 8
Zx Required
Zx  = (Mu)/(ϕFy) (AISC Eq F2-1)
Mu  = 5260 kip-in
ϕ  = 0.9
Fy  = 50 ksi
Zx  = 117 in^3
Max Deflection
∆D+Lo  = L/240*12in = 1.25 in
∆Lo  = L/360*12in = 0.8 in
I(D+Lo)  =
 = W(Droof2+Lo)*L(beam)
W(D+Lo)  = 3.48 kip/ft (See Roof
L(beam)  = 30 ft Interior Beams
 = 104.4 kip Page 10)
 = 52.2 kip
l  = L*12 in
L  = 25 ft
l  = 300 in
E  = 29000 ksi
∆D+L  = 1.25 in
I(D+Lo)  = 810 in^4 Governs
I(Lo)  =
P(Lo)  = W(Lo)*L(beam)
W(Lo)  = 1.25 kip/ft (See Roof
L(beam)  = 25.00 ft Interior Beams
P(Lo)  = 15.6 kip Page 10)
l  = L*12 in
 = 300 in
E  = 29000 ksi
∆L  = 0.8 in
I(Lo)  = 364 in^4
P(Droof2+Lo)
P(Droof2+Lo)/2
(P(Lo)*l^3)/(48EI)
(Note: For calculation simplicity, factored load, Pu shall be used)
Service Limits
Moment of Inertia
(P(D+Lo)*l^3)/(48EI) (AISC Table 3-23)
Girder Design Roof Exterior Girders Page 7 of 8
Beam Selection
(AISC Table 3-2)
Ix  = 2850 in^4
> 809.9 in^4 Ok
Zx  = 244 in^3
> 116.9 in^3 Ok
Vu  = Pu/2
Pu  = 70.1 kip
Vu  = 35.1 kip
φVn  = (φv)(0.6)(Fy)(Aw)(Cv) (AISC Eq G2-1)
φv  = 1
Cv  = 1
Fy  = 50 ksi
Aw  = d*tw
d  = 26.7 in
tw  = 0.46 in
Aw  = 12.28 in^2
φVn  = 368.5 kip
> 35.1 kip Ok
Moment Capacity
φMn  = 915 kip-ft (AISC Table 3-2)
> 438 kip-ft Ok
Shear Capacity
W27 x 84
(AISC Table 3-22a: See footnote)
W27 x 84
Girder Design Roof Exterior Girders Page 8 of 8
Summary
φMn  = 915.0 > 438 Mu Ok
φVn  = 368.5 > 35.1 Vu Ok
Ix  = 2850 > 809.9 Ix Req Ok
Zx  = 244 > 116.9 Zx Req Ok
Schedule
Girder Length Quantity
W27 x 84 25 8
Use W27 x 84 for Girder RA68, RB68, RD68, RE68, RF68, RG68, RH68, RI68
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 APPENDIX P: COLUMN DESIGN CALCULATIONS 
 
Column Design Page 1 of 14
Steel Properties
A992, Grade 50
Assumptions
Unbraced length  = 16 ft
Tributary Area
A  = (Note: 17' is an average length to account 
 = 365.5 ft^2 for tributary area of column F1)
Factored Loads
Pu  = Account for 2 floors cuz we have 
basement????
A  = 365.5 ft^2
P(D)  = Droof2+2*Dfloor
 = 402.55 psf
P(L)  = 100 psf
Lr  = 100 psf
Pu  = 253313 lb
 = 253 kip
Column Selection
K  = 1.0
KL  = 16 ft
 = 192 in
W10 x 45
ry  = 2.01 in
Ag  = 13.3 in^2
(1.2*P(D)+1.6*P(L)+0.5*Lr)*A
Columns: A1, F1, G1, I1
Droof2+2*Dfloor
(AISC Table C-A-7.1)
(AISC Table 4-1)
Column Name
Unbraced length is same in both directions ∴ y-axis buckling will govern
Pin-pin connection
(Note: sheet callout uses 1st & 2nd floor plans)
17' x (2 x 10.75')
Column Design Page 2 of 14
ϕPn  = 307 kip
> Pu 253 kip Ok
KL/ry  = 96 < 200 Ok
Summary
Schedule
Column Length Quantity
W10 x 45 48 4
∴ member meets AISC slender column 
requirements
Use W10 x 45 for Columns A1, F1, G1, I1
Column Design Page 3 of 14
Steel Properties
A992, Grade 50
Assumptions
Unbraced length  = 16 ft
Tributary Area
A  =
 = 752.5 ft^2
Factored Loads
Pu  =
A  = 752.5 ft^2
P(D)  = Droof2+2*Dfloor
 = 402.55 psf
P(L)  = 100 psf
Lr  = 100 psf
Pu  = 521528 lb
 = 522 kip
Column Selection
K  = 1.0
KL  = 16 ft
 = 192 in
W12 x 65
ry  = 3.02 in
Ag  = 19.1 in^2
Column Name (Note: sheet callout uses 1st & 2nd floor plans)
Columns: D1, C1, H1, D8, H8
Pin-pin connection
Unbraced length is same in both directions ∴ y-axis buckling will govern
(1.2*P(D)+1.6*P(L)+0.5*Lr)*A
(15'+20')*(2*10.75')
Droof2+2*Dfloor
(AISC Table C-A-7.1)
(AISC Table 4-1)
Column Design Page 4 of 14
ϕPn  = 640 kip
> Pu 522 kip Ok
KL/ry  = 64 < 200 Ok
Summary
Schedule
Column Length Quantity
W12 x 65 48 5
∴ member meets AISC slender column 
requirements
Use W12 x 65 for Columns D1, C1, H1, D8, H8
Column Design Page 5 of 14
Steel Properties
A992, Grade 50
Assumptions
Unbraced length  = 16 ft
Tributary Area
A  =
 = 348.8 ft^2
Factored Loads
Pu  =
A  = 348.8 ft^2
P(D)  = Droof2+2*Dfloor
 = 402.55 psf
P(L)  = 100 psf
Lr  = 100 psf
Pu  = 241705 lb
 = 242 kip
Column Selection
K  = 1.0
KL  = 16 ft
 = 192 in
W10 x 45
ry  = 2.01 in
Ag  = 13.3 in^2
Droof2+2*Dfloor
(AISC Tabl
(AISC Tabl
(Note: sheet callout uses 1st & 2nd floor plans)
Columns: A3, A6, I3, I6
Pin-pin connection
Unbraced length is same in both directions ∴ y-axis buckling will govern
(15')*(10.75'+12.5')
Column Name
(1.2*P(D)+1.6*P(L)+0.5*Lr)*A
Column Design Page 6 of 14
ϕPn  = 307 kip
> Pu 242 kip Ok
KL/ry  = 96 < 200 Ok
Summary
Schedule
Column Length Quantity
W10 x 45 48 4
∴ member meets AISC slender colu
requirements
Use W10 x 45 for Columns A3, A6, I3, I6
Column Design Page 7 of 14
Steel Properties
A992, Grade 50
Assumptions
Unbraced length  = 16 ft
Tributary Area
A  =
 = 187.5 ft^2
Factored Loads
Pu  =
A  = 187.5 ft^2
P(D)  = Droof2+2*Dfloor
 = 402.55 psf
P(L)  = 100 psf
Lr  = 100 psf
Pu  = 129949 lb
 = 130 kip
Column Selection
K  = 1.0
KL  = 16 ft
 = 192 in
W10 x 33
ry  = 1.94 in
Ag  = 9.71 in^2
(1.2*P(D)+1.6*P(L)+0.5*Lr)*A
Droof2+2*Dfloor
(Note: sheet callout uses 1st & 2nd floor plans)
Columns: A8, B8, C8, E8, G8, I8
Pin-pin connection
Unbraced length is same in both directions ∴ y-axis buckling will govern
(15')*(12.5')
Column Name
le C-A-7.1)
le 4-1)
Column Design Page 8 of 14
ϕPn  = 214 kip
> Pu 130 kip
KL/ry  = 99 < 200
Summary
Schedule
Column Length Quantity
W10 x 33 48 6
requirements
Use W10 x 33 for Columns A8, B8, C8, E8, G8, I8
∴ member meets AISC slenumn 
Column Design Page 9 of 14
Steel Properties
A992, Grade 50
Assumptions
Unbraced length  = 16 ft
Tributary Area
A  =
 = 510.0 ft^2
Factored Loads
Pu  =
A  = 510.0 ft^2
P(D)  = Droof2+2*Dfloor
 = 402.55
P(L)  = 100 psf
Lr  = 100 psf
Pu  = 353461 lb
 = 353 kip
Column Selection
K  = 1.0
KL  = 16 ft
 = 192 in
W10 x 49
ry  = 2.54 in
Ag  = 14.4 in^2
Column Name (Note: sheet callout uses 1st & 2nd floor plans)
Columns: B6, C6, E6, G6, F3, G3
Pin-pin connection
Unbraced length is same in both directions ∴ y-axis buckling wil
(2*15')*(10.75'+12.5) - (12.5'*15')\
(1.2*P(D)+1.6*P(L)+0.5*Lr)*A
Droof2+2*Dfloor
(AISC Table C-A-7.1)
(AISC Table 4-1)
Column Design Page 10 of 14
ϕPn  = 427 kip
Ok > Pu 353
Ok KL/ry  = 76 <
Summary
Schedule
Column Length Quantity
W10 x 49 48 6
∴ member meets A
requirements
Use W10 x 49 for Columns B6, C6, E6, G6, F3, G3
nder column 
Column Design Page 11 of 14
Steel Properties
A992, Grade 50
Assumptions
Unbraced length  = 16
Tributary Area
A  =
 = 1020.0 ft^2
Factored Loads
Pu  =
A  = 1020.0
P(D)  = Droof2+2*D
psf  =
P(L)  = 100
Lr  = 100
Pu  = 706921 lb
 = 707 kip
Column Selection
K  = 1.0
KL  = 16 ft
 = 192 in
W12 x 79
ry  = 3.05
Ag  = 23.2
(2*15')*(2*10.75'+12.5
(1.2*P(D)+1.6*P(L)+0
Droof2+2*Dfloor
Column Name (Note: sheet callout uses 1st & 2nd
Columns: D6, H6
Pin-pin connection
Unbraced length is same in both directions ∴ yl govern
(AISC Table C-A-7.1)
(AISC Table 4-1)
Column Design Page 12 of 14
ϕPn  = 781
kip Ok > Pu
200 Ok KL/ry  = 63
Summary
Schedule
Column Length
W12 x 79 48
Use W12 x 79 for Columns D6, H6
AISC slender column 
Column Design Page 13 of 14
ft
ft^2
Dfloor
402.55 psf
psf
psf
in
in^2
5)
.5*Lr)*A
(AISC Table C-A-7.1)
(AISC Table 4-1)
d floor plans)
y-axis buckling will govern
Column Design Page 14 of 14
kip
707 kip Ok
< 200 Ok
Quantity
2
∴ member meets AISC slender column 
requirements
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 APPENDIX Q: ISOMETRIC VIEW OF STRUCTURAL STEEL SKELETON
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 APPENDIX R: BASE SHEAR HAND CALCULATIONS AND ENERCALC 
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 APPENDIX S: SCBF COLUMN AND BRACE CALCULATIONS 
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 APPENDIX T: FULL WORK BREAKDOWN STRUCTURE 
 
Bannan 
Engineering 
Laboratories
Sitework Basement 1st Floor 2nd Floor
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Sitework
Logistics
Permits
Mobilization
De‐Mobilization
Earthwork
Excavation
Backfill
Sheet Pile Installation
Sheet Pile Removal
Surveying Utility Services
Gas Connections
Sewage connections
Water Supply 
Connections
Drainage Connections
Commissioning/Testing
Landscaping
Planing
Irrigation
  
Basement
Structural Steel
Steel Shop 
Drawings Deck Sheet
Manufacturing
Delivery
Placement
Columns
Manufacturing
Delivery
Placement
Structural 
Concrete Rebar
Shop Drawings Columns
Formwork & 
Shoring Pouring Curing Rebar
Fabrication
Placement
Footing
Formwork & 
Shoring
Shuttering
Removal
Pouring Curing Rebar
Fabrication
Placement
Retaining Wall
Formwork & 
Shoring
Shuttering
Removal
Pouring Curing Rebar
Fabrication
Placement
1st Slab
Formwork & 
Shoring
Shuttering
Removal
Pouring Curing Rebar
Fabrication
Placement
Thermal and 
Moisture
Footing 
Insulation
Retain Wall 
Insul 
Doors and 
Windows
Frames 
Installation
Panels 
Installation
Elevator (all 
floors)
Rough 
Installation
Fixtures 
Installation
Plumbing
Rough piping
Fixtures
Mech (Sub)
Ducts
Control
Outlet & 
Control Fixtures
Electrical (Sub)
Conduits
Fixtures
Finishes
Plaster & 
Gypsum
Ceiling
Flooring
Wall Finishes
Acoustical 
Treatment
Paints and 
Coatings
Specialties
Restroom 
Partitions & 
Finishes
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
1st Floor
Structural Steel
Shop Drawings Deck Sheet
Manufacturing
Delivery
Placement
Columns
Manufacturing
Delivery
Placement
Beams & Girders
Manufacturing
Delivery
Placement
Structural Concrete
Deck
Formwork & 
Shoring
Shuttering
Removal
Pouring Curing Rebar
Shop Drawings
Fabrication
Placement
Thermal and 
Moisture
Ceiling Insulation
Wall Insulation
Doors and Windows
Frames Installation
Panels Installation
Plumping
Rough piping
Fixtures
Mech (Sub)
Ducts
Control
Outlet & Control 
Fixtures
Electrical (Sub)
Conduits
Fixtures
Finishes
Non‐structural 
Metal Framing 
Exterior (stud Wall)
Non‐structural 
Metal Framing 
Interior (stud Wall)
Plaster & Gypsum
Ceiling
Flooring
Wall Finishes
Acoustical 
Treatment
Paints and Coatings
Specialties
Restroom Partitions 
& Finishes
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
2nd Floor
Structural Steel
Shop Drawings Deck Sheet
Manufacturing
Delivery
Placement
Columns
Manufacturing
Delivery
Placement
Beams & Girders
Manufacturing
Delivery
Placement
Structural Concrete
Deck
Formwork & 
Shoring
Shuttering
Removal
Pouring Curing Rebar
Shop Drawings
Fabrication
Placement
Thermal and 
Moisture
Roofing Insulation
Exterior Wall 
Insulation
Doors and Windows
Frames Installation
Panels Installation
Plumping
Rough piping
Fixtures
Mech (Sub)
Ducts
Control
Outlet & Control 
Fixtures
Electrical (Sub)
Conduits
Fixtures
Finishes
Non‐structural 
Metal Framing 
Exterior (stud Wall)
Non‐structural 
Metal Framing 
Interior (stud Wall)
Plaster & Gypsum
Ceiling
Flooring
Wall Finishes
Acoustical 
Treatment
Paints and Coatings
Specialties
Restroom Partitions 
& Finishes
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Roof Level
Structural Steel
Shop Drawings Deck Sheet
Manufacturing
Delivery
Placement
Beams & Girders
Manufacturing
Delivery
Placement
Structural Concrete
Deck
Formwork & Shoring
Shuttering
Removal
Pouring Curing Rebar
Shop Drawings
Fabrication
Placement
Thermal and Moisture
Roof Slab Insulation
Roof Access Doors 
and Frames
Frames Installation
Panels Installation
Plumbing
Rough piping
Fixtures
Mech (Sub)
Ducts
Control
Outlet & Control 
Fixtures
Air Handling Units
Electrical (Sub)
Conduits
Routing
Finishes
Non‐structural Metal 
Framing Exterior 
(Roof Parapet)
Plaster & Gypsum
Flooring
Paints and Coatings
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APPENDIX U: CONSTRUCTION ACTIVITIES LIST 
 
Bannan Engineering Laboratories ‐ 
Activities List
Level 1 Level 2 Level 3 Level 4 Level 5 Floor Activity
Excavation Excavation
Backfill Backfill
Sheet Pile Installation Sheet Pile Installation
Sheet Pile Removal Sheet Pile Removal
Surveying Surveying
Gas Connections Gas Connections
Sewage Connections Sewage Connections
Water Supply Connections Water Supply Connections
Drainage Connections Drainage Connections
Commissioning/Testing Commissioning/Testing
Planting Landscaping Planting
Irrigation Landscaping Irrigation
Permits Permits
Mobilization Mobilization
De‐Mobilization De‐Mobilization
Earthwork
Landscaping
Sitework
Logistics
Utility Services Site
Bannan Engineering Laboratories ‐ 
Activities List
Level 1 Level 2 Level 3 Level 4 Level 5 Floor Activity
Rebar Shop Drawings Concrete Rebar Shop Drawings
Shuttering Concrete Column Formwork Shuttering
Removal Concrete Column Formwork Removal
Pouring Concrete Column Pouring
Curing Concrete Column Curing
Manufacturing Concrete Column Rebar Manufacturing
Placement Concrete Column Rebar Placement
Shuttering Concrete Footing Formwork Shuttering
Removal Concrete Footing Formwork Removal
Pouring Concrete Footing Pouring
Curing Concrete Footing Curing
Manufacturing Concrete Footing Rebar Manufacturing
Placement Concrete Footing Rebar Placement
Shuttering Concrete RW Formwork Shuttering
Removal Concrete RW Formwork Removal
Pouring Concrete RW Pouring
Curing Concrete RW Curing
Manufacturing Concrete RW Rebar Manufacturing
Placement Concrete RW Rebar Placement
Shuttering Concrete 1st Slab Formwork Shuttering
Removal Concrete 1st Slab Formwork Removal
Pouring Concrete 1st Slab Pouring
Curing Concrete 1st Slab Curing
Manufacturing Concrete 1st Slab Rebar Manufacturing
Placement Concrete 1st Slab Rebar Placement
Footing Insulation Footing Insulation
Retaining Wall Insulation Retaining Wall Insulation
Frames Installation Frames Installation
Panels Installation Panels Installation
Rough Installation Elevator Rough Installation
Fixtures Installation Elevator Fixtures Installation
Rough Piping Rough Piping Installation
Fixtures Fixtures
Ducts Ducts
Controls Controls
Outlet & Control Fixtures Outlet & Control Fixtures
Conduits Conduits
Fixtures Fixtures
Plaster & Gypsum Plaster & Gypsum Finishes
Ceiling Ceiling Finishes
Flooring Flooring Finishes
Wall Finishes Wall Finishes
Acoustical Treatment Acoustical Treatment
Paints and Coatings Paints and Coatings
Specialties Restroom Partitions & Finishes Restroom Partitions & Finishes
Formwork & Shoring
Formwork & Shoring
Thermal and Moisture
Doors and Windows
Basement
Footing
Retaining Wall
1st Slab
Conveying
Finishes
Elevators (all floors)
Plumbing
Mech (Sub)
Electrical (Sub)
Formwork & Shoring
Rebar
Rebar
Rebar
Columns
Formwork & Shoring
Rebar
Structural Concrete
Bannan Engineering Laboratories ‐ 
Activities List
Level 1 Level 2 Level 3 Level 4 Level 5 Floor Activity
1st Floor SS Shop Drawings 1st Floor SS Shop Drawings
Manufacturing SS Deck Manufacturing
Delivery SS Deck Delivery
Placement SS Deck Placement
Manufacturing SS Column Manufacturing
Delivery SS Column Delivery
Placement SS Column Placement
Manufacturing SS Beam/Girders Manufacturing
Delivery SS Beam/Girders Delivery
Placement SS Beam/Girders Placement
Shuttering Concrete Footing Formwork Shuttering
Removal Concrete Footing Formwork Removal
Pouring Concrete Pouring
Curing Concrete Curing
Shop Drawings 1st Floor Deck Rebar Shop Drawings
Manufacturing 1st Floor Deck Rebar Manufacturing
Placement 1st Floor Deck Rebar Placement
Footing Insulation Footing Insulation
Retaining Wall Insulation Retaining Wall Insulation
Frames Installation Frames Installation
Panels Installation Panels Installation
Rough Piping Rough Piping
Fixtures Fixtures
Ducts Ducts
Controls Controls
Outlet & Control Fixtures Outlet & Control Fixtures
Conduits Conduits
Fixtures Fixtures
Non‐Structural Metal Framing Exterior 
(Stud Wall) <
Non‐Structural Metal Framing Exterior (Stud 
Wall)
Non‐Structural Metal Framing Interior 
(Stud Wall) <
Non‐Structural Metal Framing Interior (Stud 
Wall)
Plaster & Gypsum Plaster & Gypsum Finishes
Ceiling Ceiling Finishes
Wall Finishes Wall Finishes
Flooring Finishes Flooring Finishes
Acoustical Treatment Acoustical Treatment
Paints and Coatings Paints and Coatings
Specialties Restroom Partitions & Finishes Restroom Partitions & Finishes
Deck
Rebar
Plumbing
Thermal and Moisture
Doors and Windows
Structural Concrete
1st Floor
Structural Steel
Finishes
Mech (Sub)
Electrical (Sub)
1st Floor
Formwork & Shoring
Deck
Beams & Girders
Columns
Bannan Engineering Laboratories ‐ 
Activities List
Level 1 Level 2 Level 3 Level 4 Level 5 Floor Activity
Shop Drawings SS Deck Shop Drawings
Manufacturing SS Deck Manufacturing
Delivery SS Deck Delivery
Placement SS Deck Placement
Shop Drawings SS Column Shop Drawings
Manufacturing SS Column Manufacturing
Delivery SS Column Delivery
Placement SS Column Placement
Shop Drawings SS Beam/Girders Shop Drawings
Manufacturing SS Beam/Girders Manufacturing
Delivery SS Beam/Girders Delivery
Placement SS Beam/Girders Placement
Shuttering Concrete Deck Formwork Shuttering
Removal Concrete Deck Formwork Removal
Pouring Concrete Pouring
Curing Concrete Curing
Shop Drawings 2nd Floor Deck Rebar Shop Drawings
Manufacturing 2nd Floor Deck Rebar Manufacturing
Placement 2nd Floor Deck Rebar Placement
Footing Insulation Footing Insulation
Retaining Wall Insulation Retaining Wall Insulation
Frames Installation Frames Installation
Panels Installation Panels Installation
Rough Piping Rough Piping
Fixtures Fixtures
Ducts Ducts
Controls Controls
Outlet & Control Fixtures Outlet & Control Fixtures
Conduits Conduits
Fixtures Fixtures
Non‐Structural Metal Framing Exterior 
(Stud Wall)
Non‐Structural Metal Framing Exterior (Stud 
Wall)
Non‐Structural Metal Framing Interior 
(Stud Wall)
Non‐Structural Metal Framing Interior (Stud 
Wall)
Plaster & Gypsum Plaster & Gypsum Finishes
Ceiling Ceiling Finishes
Wall Finishes Wall Finishes
Flooring Finishes Flooring Finishes
Acoustical Treatment Acoustical Treatment
Paints and Coatings Paints and Coatings
Specialties Restroom Partitions & Finishes Restroom Partitions & Finishes
Structural Steel
Doors and Windows
Plumbing
Mech (Sub)
Electrical (Sub)
Finishes
Structural Concrete Deck
Formwork & Shoring
Rebar
Thermal and Moisture
2nd Floor
Deck
2nd Floor
Columns
Beams & Girders
Bannan Engineering Laboratories ‐ 
Activities List
Level 1 Level 2 Level 3 Level 4 Level 5 Floor Activity
Shop Drawings SS Deck Shop Drawings
Manufacturing SS Deck Manufacturing
Delivery SS Deck Delivery
Placement SS Deck Placement
Shop Drawings SS Beam/Girders Shop Drawings
Manufacturing SS Beam/Girders Manufacturing
Delivery SS Beam/Girders Delivery
Placement SS Beam/Girders Placement
Shuttering Concrete Deck  Formwork Shuttering
Removal Concrete Deck Formwork Removal
Pouring Concrete Pouring
Curing Concrete Curing
Shop Drawings Roof Deck Rebar Shop Drawing
Manufacturing Roof Deck Rebar Manufacturing
Placement Roof Deck Rebar Placement
Thermal and Moisture Roof Slab Insulation Roof Slab Insulation
Frames Installation Roof Door Frames Installation
Panels Installation Roof Door Panels Installation
Rough Piping Rough Piping
Fixtures Fixtures
Ducts Ducts
Controls Controls
Outlet & Control Fixtures Outlet & Control Fixtures
Air Handling Units Air Handling Units
Conduits Conduits
Routing Routing
Plaster & Gypsum Plaster & Gypsum
Non‐Structural Metal Framing Exterior 
(Roof Parapet)
Non‐Structural Metal Framing Exterior (Roof 
Parapet)
Flooring Flooring
Paints and Coatings Paints and Coatings
Level 1 Level 2 Level 3 Level 4 Level 5 Total Activities
5 40 105 61 31 166
Roof Access  Doors and Frames
Electrical (Sub)
Mech (Sub)
Formwork & Shoring
Structural Concrete Deck
Structural Steel
Roof Level
Plumbing
Finishes
Roof Level
Rebar
Deck
Beams & Girders
V-1 
 
APPENDIX V: CRANE CALCULATIONS 
 
Building Width (ft)
Required Service Weight 
at Full Extention ‐ Beam  
(lbs)
Choose Crane Distance: 
15 ft from footprint, 
160 ft perpendicular 
distance from NE 
corner
68 8460
Steel Placement 
Threshold Height (ft)
Required Service Weight 
at Full Extention ‐ Girder 
(lbs)
32 6041.5
Max Service Angle (deg)
Required Service Weight 
at Full Extention ‐ 
Column (lbs)
40 3696
Chart Assumes GroveTM9150 Specs with hydraulic swingaway
Perpendicular Distance 
from crane to NE corner 
(ft)
Total Radial Distance 
from crane to NE (ft)
Distance Across Building
 ‐ Crane to NE (ft)
Distance From Crane to 
Footprint
 ‐ Crane to NE (ft)
Perpendicular Distance ‐ 
Crane to Footprint (ft)
Required Vertical Height 
vs. Threshold (ft)
Service Angle (deg)
Max Weight 
(lbs)
170 187.0 160.1 26.9 10 222.29 49.92 N/A
189.2 148.8 40.4 15 149.89 38.39 4090
191.4 137.6 53.9 20 113.75 30.72 4020
193.8 126.5 67.3 25 92.12 25.43 3985
196.2 115.4 80.8 30 77.73 21.61 3950
198.8 104.5 94.2 35 67.49 18.76 N/A
201.4 93.7 107.7 40 59.84 16.55 N/A
 
Perpendicular Distance 
from crane to NE corner 
(ft)
Total Radial Distance 
from crane to NE (ft)
Distance Across Building
 ‐ Crane to NE (ft)
Distance From Crane to 
Footprint
 ‐ Crane to NE (ft)
Perpendicular Distance ‐ 
Crane to Footprint (ft)
Required Vertical Height 
vs. Threshold (ft)
Service Angle (deg)
Max Weight 
(lbs)
160 178.0 152.4 25.6 10 222.79 51.38 N/A
180.2 141.9 38.3 15 150.40 39.84 5500
182.6 131.5 51.1 20 114.28 32.04 5200
185.1 121.1 63.9 25 92.65 26.60 4133
187.6 110.9 76.7 30 78.28 22.65 N/A
190.3 100.8 89.5 35 68.05 19.68 N/A
193.0 90.8 102.3 40 60.40 17.38 N/A
 
Perpendicular Distance 
from crane to NE corner 
(ft)
Total Radial Distance 
from crane to NE (ft)
Distance Across Building
 ‐ Crane to NE (ft)
Distance From Crane to 
Footprint
 ‐ Crane to NE (ft)
Perpendicular Distance ‐ 
Crane to Footprint (ft)
Required Vertical Height 
vs. Threshold (ft)
Service Angle (deg)
Max Weight 
(lbs)
150 169.1 144.8 24.2 10 223.38 52.88 N/A
171.4 135.1 36.3 15 151.00 41.37 N/A
173.9 125.5 48.4 20 114.89 33.45 5800
176.5 115.9 60.5 25 93.27 27.86 4900
179.2 106.5 72.7 30 78.91 23.77 4000
182.0 97.2 84.8 35 68.69 20.68 N/A
184.8 88.0 96.9 40 61.05 18.28 N/A
 
Perpendicular Distance 
from crane to NE corner 
(ft)
Total Radial Distance 
from crane to NE (ft)
Distance Across Building
 ‐ Crane to NE (ft)
Distance From Crane to 
Footprint
 ‐ Crane to NE (ft)
Perpendicular Distance ‐ 
Crane to Footprint (ft)
Required Vertical Height 
vs. Threshold (ft)
Service Angle (deg)
Max Weight 
(lbs)
140 160.3 137.4 22.9 10 224.06 54.43 N/A
162.8 128.4 34.3 15 151.70 42.99 N/A
165.4 119.6 45.8 20 115.59 34.96 6100
168.1 110.9 57.2 25 93.99 29.22 4600
170.9 102.2 68.7 30 79.64 24.99 4200
173.8 93.7 80.1 35 69.43 21.77 N/A
176.8 85.3 91.6 40 61.80 19.27 N/A
 
Perpendicular Distance 
from crane to NE corner 
(ft)
Total Radial Distance 
from crane to NE (ft)
Distance Across Building
 ‐ Crane to NE (ft)
Distance From Crane to 
Footprint
 ‐ Crane to NE (ft)
Perpendicular Distance ‐ 
Crane to Footprint (ft)
Required Vertical Height 
vs. Threshold (ft)
Service Angle (deg)
Max Weight 
(lbs)
130 151.6 130.0 21.6 10 224.86 56.01 N/A
154.2 121.9 32.4 15 152.51 44.68 N/A
157.0 113.8 43.2 20 116.42 36.56 6300
159.8 105.9 53.9 25 94.83 30.68 5850
162.8 98.1 64.7 30 80.49 26.31 4600
165.9 90.3 75.5 35 70.29 22.97 N/A
169.0 82.7 86.3 40 62.67 20.34 N/A
W-1 
 
 APPENDIX W: GROVE GMK5135 TRUCK-MOUNTED CRANE PRODUCT AND 
SPECIFICATIONS 
 
1Grove GMK5135
Grove GMK5135
Product Guide
Features
• 110 t (135 USt) capacity
• 12,9 m – 50,8 m (42 ft – 167 ft) five-section full power boom
• 11 m – 18 m (36 ft – 59 ft) bi-fold lattice swingaway, hydraulic lung or manual oset
• 3,6 m (12 ft) 3-sheave heavy duty jib, hydraulic lung integrated in swingaway
• 40 100 kg (88,400 lb) counterweight with hydraulic removal system
• 390 kW (523 hp) Mercedes OM 502 LA eight-cylinder turbo-charged diesel engine.  
Daimler Chrysler, 16-speed G240-16 transmission and 2-speed transfer case
2EKS 5 Light
Monitoring the lifting condition 
of the crane at all times EKS 
works together with, but 
independently of the ECOS as a 
complete command and control 
system or separately as a load 
moment indicator.
MEGATRAK™
e MEGATRAK™ suspension system is the best off 
road driveline available on the market today. e system’s 
versatility and performance allows the GMK to operate 
as a true all-terrain crane. e MEGATRAK™ independent 
suspension and all-wheel steer system allows wheels to 
remain on the ground at all times so stresses and weight are 
not continually transferred between axles. MEGATRAK™ 
provides true ground clearance where others just raise the 
chassis.
Other benefits of the MEGATRAK™ system are:
•	 A	reliable	suspension	system
•	 Excellent	job	site	maneuverability	with	all-wheel	steering
•	 Commonality	among	almost	all	models
•	 A	driveline	that	remains	aligned	at	all	times
•	 A	steering	linkage	system	that	is	protected	against	damage
•	 Constant	tire	contact	for	equal	tire	wear
•	 Reduced	maintenance
ECOS
Electronic Crane Operating 
System - ECOS enables control 
of the entire crane's principle 
operations. Simple programming 
eases lift planning and a supply of 
essential information allows full 
concentration on the lift itself.
TWIN-LOCK™
Boom pinning mechanism 
automatically pins the 
sections in position using two 
horizontal pins.
Features
Specifications  4
Dimensions  7
Weight proposals  8
Counterweight dimensions  9
Working range (main boom) 10
Load charts (main boom)  11
Working range (swingaway and extensions) 13
Load charts (swingaway and extensions) 14
Working range (integrated heavy duty jib) 16
Load charts (integrated heavy duty jib) 17
Contents
4 *Denotes optional equipment
Cab
All aluminum construction cab with acoustical lining, 
tinted safety glass, adjustable operator’s seat, opening 
windows in side and cab rear, hinged front window 
with wiper, sunvisor and window shade. Other features 
include hot water heater, armrest integrated crane 
controls, and ergonomically arranged instrumentation.
Crane control system
Full electronic control of all crane movements using 
electrical control levers with automatic reset to zero. 
Controls are integrated with the LMI and engine 
management system by CAN-BUS. ECOS system with 
semi-graphic display.
Swing
Two planetary gears with axial piston motors. Infinitely 
variable to 1.5 rpm. Holding and service brake.
Counterweight
40 100 kg (88,400 lb) consisting of various sections 
with hydraulic installation/removal system. Controlled 
from the superstructure cab.
Engine
Mercedes-Benz OM 904 LA diesel, 4 cylinders, water cooled, 
turbocharged with 129 kW (173 bhp) at 2200 rpm. 
Max	torque:	675	Nm	(498	ft-lb)	at	1200	rpm.	
Engine emission: EUROMOT/EPA/CARB (off road). 
Fuel tank capacity: 200 L (53 gal)
Hydraulic system
2 separate circuits, 1 axial piston variable displacement 
pump (load sensing) with electronic power limiting 
control and 1 gear pump for swing. 
Dual thermostatically controlled oil coolers keep oil at 
optimum operating temperature.
Tank capacity:  840 L (222 gal).
Superstructure
Boom
12,9	m	–	50,8	m	(42	ft	–	167	ft)	five	section,	full	power	
MEGAFORM™ boom with patented TWIN-LOCK™ 
boom pinning system. Maximum tip height: 54 m (177 ft).
Boom nose
Eight nylatron sheaves, mounted on heavy duty 
tapered roller bearings with removable pin-type rope 
guards. Quick reeve boom nose. Removable auxiliary 
boom nose with removable pin type rope guard.
Boom elevation
Single lift cylinder with safety valve provides boom 
angle from -3° to +83°.
Hydraulic osettable lattice 
extension
11	m	–	18	m	(36	ft	–	59	ft)	bifold	lattice	swingaway	
extension hydraulically offsettable and luffing under 
load: 0° - 40°. Controlled from the crane cab. 
Maximum	tip	height:	72	m	(236	ft).
*Osettable lattice extension
11	m	–	18	m	(36	ft	–	59	ft)	bifold	lattice	swingaway	
extension manually offset: 0°, 20° or  40°.  
Maximum	tip	height:	72	m	(236	ft).
Lattice extension inserts
(1)	8	m	(26	ft)	and	(2)	6	m	(20	ft)	inserts*	for	use	with	
lattice swingaway extension. Increases extension length 
to	26	m	(85	ft),	32	m	(105	ft)	or	38	m	(125	ft).
Load moment and anti-two block 
system
Load moment and anti-two block system with audio/
visual warning and control lever lockout provides 
electronic display of boom angle, length, radius, tip 
height, relative load moment, maximum permissible 
load, load indication and warning of impending 
two-block condition.
Boom
Cab
Hydraulic System
Counterw ight
gine
B m  Nose
Boom  Elevation
Extension
Extension
Extension
Load M om ent 
& Anti-Two 
Block System
Load M om ent 
& Anti-Two 
Block System
ing
Specifications
5Grove GMK5135 *Denotes optional equipment
Superstructure, continued
Hoist
Main and auxiliary hoists are powered by axial 
piston motor with planetary gear and brake. 
“Thumb-thumper” hoist drum rotation indicator alerts 
operator of hoist movement.
 Main Auxiliary
Line length:  255 m 225 m
 (837 ft) (738 ft)
Rope diameter:  19 mm  19 mm
Line speed:  125 m/min 125 m/min
 (410 fpm)  (410 fpm)
Line pull:  70 kN 70 kN
 (15,700 lb) (15,700 lb)
Electrical system
24V system with three phase alternator, 28V/80A.      
2 batteries, 12V/170 Ah.
*Optional equipment
3,6	m	(11.8	ft)	side-stowed	3-sheave	heavy-duty	jib	
integrated in swingaway
Work light, mounted on top of base section
Cab controlled work lights mounted to top of base 
section
Stainless steel exhaust system with spark arrestor in 
lieu of standard
Engine independent diesel cab heater, also serves as 
engine preheater including 24-hour timer
Engine independent propane gas cab heater.
Stereo/radio CD player
Outrigger pad load indicator with readout both in 
superstructure cab and carrier
Air conditioning
Working range limiter
Boom mounted aircraft warning light
Drive and steer control for superstructure
EKS5 with full graphic display
2nd	6	m	(20	ft)	insert	for	maximum	extension	
length of 38 m (125 ft)
Carrier
Chassis
Box type, torsion resistant frame is fabricated from 
high strength steel.
Outrigger system
Four hydraulic single stage outrigger beams with 
vertical	cylinders	and	outrigger	pads,	600	mm	(23.6	in)	
square.		Outriggers	can	be	set	in	5	positions:
Full	 -	7,5	m	(24.6	ft)
Partial	 -	6,7	m	(22.0	ft)
  - 5,9 m (19.4 ft)
	 -	5,1	m	(16.8	ft)
Retracted   - 2,5 m (8.2 ft)
Independent horizontal and vertical movement 
controlled from each side of carrier.  Electronic crane 
level indicators. 
Engine
Mercedes-Benz OM 502 LA eight cylinder, water 
cooled, turbo-charged, with 390 kW (523 hp) at 1800 
rpm.		Max	torque	2400	Nm	(1770	ft-lb)	at	1200	rpm.		
Engine emissions: EUROMOT/EPA/CARB (off road)
Compression and exhaust brakes.
Fuel tank capacity
400 L	(106	gal).
Transmission
Daimler	Chrysler,	16	speed	G240-16	with	EPS	(Electric	
Pneumatic Shifting) and 2 stage transfer case.
Drive/steer
10x6x10
Hoist
Outriggers
gine
Fuel 
Tank 
Capacity
Tr nsm iss on
lectrical System
Steering
Specifications
6 *Denotes optional equipment
Carrier - continued
Axles
1st axle line – steer
2nd axle line – drive/steer
3rd axle line – steer (additional drive)
4th axle line – drive/steer (connects for all wheel steer)
5th axle line – drive/steer
Drive axles with planetary hub reduction and center 
mounted differential-gearing. Inter-axle and cross axle 
differential locks.
Suspension
Exclusive MEGATRAKTM suspension. Independent 
hydro-pneumatic system acting on all wheels with 
hydraulic lockout.  Suspension can be raised 170 mm 
(6.7	in)	or	lowered	130	mm	(5.1	in)	both	longitudinally	
and transversely. Features an automatic leveling system 
for highway travel.
Tires
10 tires,	16.00R25
Steering
Dual circuit, hydraulic power assisted steering system. 
Transfer case mounted, ground driven emergency steering 
pump. Axles 1, 2, 3 and 5 steer on highway.  Separate 
steering of the 4th and 5th axles for all wheel and crab 
steering, controlled by an electronic rocker switch.
Brakes
Service brakes: pneumatic dual circuit acting on all 
wheels, anti lock prevention.  
Parking brake: pneumatically operated spring loaded 
brake acting on axle lines 2, 4 and 5.
Air dryer.
Cab
Two-man design with the following features: safety glass, 
driver seat with suspension, power windows, heated rear 
view mirrors, complete instrumentation and driving 
controls. Air conditioning and engine independent diesel 
air heater included with 24 hour timer. 
ECOS control of suspension, drive connect and 
disconnect, inter-axle locks, differential locks and 
all-wheel steer.
Electrical system
24V system with three phase alternator, 28V/100A
2 batteries, 12V/170 Ah
Maximum speed
85 km/h (53 mph)
Gradeability (theoretical)
60%	-	14.00	tires
54%	-	16.00/20.5	tires
Miscellaneous standard equipment
Work lights; tool kit; fire extinguisher; auxiliary boom 
nose; radio/CD player in carrier cab, cruise control, 
wind speed indicator and working lights for each 
outrigger beam.
*Optional equipment
Stainless steel exhaust system with spark arrestor
14.00 R25 tires (vehicle width 2,75 m [9,0 ft])
20.5 R25 tires (vehicle width 3,0 m [9.8 ft])
10x8x10 drive/steer
Electric driveline retarder
Steel outrigger floats
Spare tire with carry bracket 
Outrigger pad load indicator 
Hinged bunk bed
Trailer and towing hitches
Additional strobe lights
Rear mounted stowage box 
Axles
lectrical System
Speed
Grade
Suspension
Tires
S ering
Brakes
Cab
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Dimensions
Dimensions
8Basic weights - kg (lb) Axles 1 and 2 Axles 3 - 5 Total
GMK 5135 Mercedes power with: 
16.00R25 tires, 10x6x10 drive/steer, 2nd oil cooler, outrigger pads, 
auxiliary hoist, driver and tanks filled
19 243 (42,423) 29 052 (64,049) 48 295 (106,472)
Additions:
10x8x10 drive/steer 44 (97) 66 (145) 110 (243)
Electric driveline retarder -74 (-163) 334 (736) 260 (573)
Spare wheel 14.00 R25 XGC steel rim with stowage -200 (-442) 459 (1013) 259 (571)
Spare wheel 16.00 R25 XGC steel rim with stowage -250 (-552) 569 (1255) 319 (703)
Spare wheel 20.5 R25 XGC steel rim with stowage -288 (-634) 650 (1432) 362 (798)
Brackets for hydraulic swingaway 82 (182) 4 (8) 86 (190)
Hose reel + parts for hydraulic swingaway 301 (664) -91 (-201) 210 (463)
11 m – 18 m (36 ft – 59 ft) hydraulic swingaway 1968 (4338) -493 (-242) 1744 (3845)
Auxiliary boom nose 149 (329) -79 (-174) 70 (154)
2500 kg (5500 lb) section pinned to superstructure (5,7) -1862 (-4105) 4362 (9616) 2500 (5512)
2500 kg (5500 lb) section stowed on carrier (1,2) 1798 (3963) 572 (1262) 2370 (5225)
5000 kg (11,000 lb) section stowed on carrier (3,4) 3792 (8361) 1208 (2662) 5000 (11,023)
3750 kg (8300 lb) section stowed on carrier (8,9) 2852 (6287) 908 (2002) 3760 (8289)
Substitutions:
14.00R25 tires -240 (-529) -360 (-794) -600 (-1323)
20.5R25 tires 172 (379) 258 (569) 430 (948)
Removals:
Boom assembly -11 277 (-24,862) -3844 (-8475) -15 121 (-33,336)
Front outriggers -1354 (-2986) -6 (-12) -1360 (-2998)
Rear outriggers 911 (2008) -2361 (-5205) -1450 (-3197)
Front and rear outrigger floats -37 (-81) -163 (-360) -200 (-441)
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�� ��� mm ���.�’�
�� ��� mm ���.�’�
���� mm ��.�’�
�� ��� mm ���.�’�      
���� mm 
��.�’�
���� mm ��’�
��� mm ��.�’�
���� mm  ���.�’�
���� mm 
��.�’�
��� mm ��.�’�
���� mm 
��.�’����� mm ��.�’� ���� mm ��.�’� ���� mm ��’�
Weights
Trailing boom
Boom over front
Basic weights - kg (lb) Axles 1 and 2 Axles 3 - 5 2 Dolly axles Total
GMK 5135 Mercedes power with: 
16.00R25 tires, 10x8x10 drive/steer, 36 ft – 59 ft hydraulic lung 
swingaway, 2nd oil cooler, outrigger pads, auxiliary hoist, driver and 
tanks filled, 2 axle boom dolly (2590 kg [5710 lb])
18 308 (40,362) 21 402 (47,182) 13 211 (29,125) 52 921 (116,669)
Additions:
2500 kg (5500 lb) section pinned to superstructure (5,7) 1896 (4180) 604 (1331)  —  — 2500 (5512)
2500 kg (5500 lb) section pinned to superstructure (1,2) 1798 (3963) 572 (1262)  —  — 2370 (5225)
5000 kg (11,000 lb) section stowed on carrier (3,4) 3792 (8361) 1208 (2662)  —  — 5000 (11,023)
3750 kg (8300 lb) section stowed on carrier (8,9) 2852 (6287) 908 (2002)  —  — 3760 (8289)
Removals:
Brackets for hydraulic swingaway -13 (-30) -12 (-26) -61 (-134) 86 (190)
Hose reel + parts for hydraulic swingaway -7 (-16) -6 (-14) -196 (-433) 210 (463)
11 m – 18 m (36 ft – 59 ft) hydraulic swingaway -197 (-434) -171 (-376) -1376 (-3034) 1744 (3845)
Front outriggers -1354 (-2986) -6 (-12)  —  — -1360 (-2998)
Rear outriggers 911 (2008) -2361 (-5205)  —  — -1450 (-3197)
Front and rear outrigger floats -37 (-81) -163 (-360)  —  — -200 (-441)
Substitutions:
10x6x10 drive/steer -44 (-97) -66 (-145)  —  — 110 (243)
14.00R25 tires -240 (-529) -360 (-794)  —  — -600 (-1323)
20.5R25 tires 172 (379) 258 (569)  —  — 430 (948)
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1
3
9 8
2
4
5
7
11
10 10
10
1300 mm
(4.3')
1325 mm
(4.4')
Counterweight configuration kg (lb)
1000 (2200)
3500 (7700)
6000 (13,200)
8500 (18,700)
11 000 (24,200)
13 500 (29,700)
16 000 (35,200)
18 500 (40,700)
21 000 (46,200)
23 500 (51,800)
26 000 (57,300)
28 500 (62,800)
40 100 (88,400)
21 3 4 5 7 8 9 10
2x
11
2730 mm
(9')
1752 mm
(5.7')
1. 2500 kg (5500 lb) baseplate 7. 2500 kg (5500 lb) pinned
2. 2500 kg (5500 lb) stacking 8. 3750 kg (8300 lb) stacking
3. 5000 kg (11,000 lb) stacking 9. 3750 kg (8300 lb) stacking
4. 5000 kg (11,000 lb) stacking 10. 5770 kg (12,700 lb) wing 
5. 2500 kg (5500 lb) pinned 11. 1000 kg (2200 lb) bolted (auxiliary hoist or IPO)
1
3
9 8
2
4
5
7
11
10 10
10
1300 mm
(4.3')
1325 mm
(4.4')
Counterweight configuration kg (lb)
1000 (2200)
3500 (7700)
6000 (13,200)
8500 (18,700)
11 000 (24,200)
13 500 (29,700)
16 000 (35,200)
18 500 (40,700)
21 000 (46,200)
23 500 (51,800)
26 000 (57,300)
28 500 (62,800)
40 100 (88,400)
21 3 4 5 7 8 9 10
2x
11
2730 mm
(9')
1752 mm
(5.7')
1. 25 0 kg (55  l ) baseplate 7. 2500 kg (5500 lb) pi ned
2. 25 0 kg ( 5 0 lb) stacking 8. 3750 kg (83 0 lb) stacking
3. 5000 kg (11,000 lb) stacking 9. 3750 kg (8300 lb) stacking
4. 5000 kg (11,000 lb) stacking 10. 5770 kg (12,700 lb) wing 
5. 2500 kg (5500 lb) pinned 11. 1000 kg (2200 lb) bolted (auxiliary hoist or IPO)
Counterweight
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THIS CHART IS ONLY A GUIDE AND SHOULD NOT BE USED TO OPERATE THE CRANE. 
The individual crane’s load chart, operating instructions and other instructional plates must be read and understood prior to operating the crane.
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Operating radius in feet from axis of rotation
Hook block
100 USt, 7 sheave
80 USt, 5 sheave
45 USt, 3 sheave
20 USt, 1 sheave
12 USt, single line headache ball
H
3160 mm (10.4 ft)
3070 mm (10.1 ft)
3000 mm (9.8 ft)
2770 mm (9.1 ft)
2350 mm (7.7 ft)
Hook heights shown in the working range diagram do not consider loaded boom deflection.
*over rear with special equipment
Working range
42 ft – 167 ft main boom
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THIS CHART IS ONLY A GUIDE AND SHOULD NOT BE USED TO OPERATE THE CRANE. 
The individual crane’s load chart, operating instructions and other instructional plates must be read and understood prior to operating the crane
Outriggers
Outriggers
Counterweight
Counterweight
Pounds x 1000
Pounds x 1000Boom Extension
Boom Extension
Load charts
Main boom
Feet 42.3 58.0 73.6 89.1 104.4 120.2 135.7 151.2 166.6
8.0 270.0* — — — — — — — —
10.0 216.0 199.0 188.0 143.0 — — — — —
15.0 170.0 167.0 156.0 143.0 110.0 — — — —
20.0 137.0 139.0 134.0 127.0 110.0 79.0 58.0 — —
25.0 114.0 116.0 116.0 112.0 100.0 77.0 58.0 44.0 —
30.0 93.0 98.0 98.0 97.0 91.0 70.0 58.0 44.0 34.2
35.0 — 85.0 85.0 84.0 84.0 63.0 56.0 44.0 34.2
40.0 — 74.0 74.0 73.0 74.0 57.0 51.0 44.0 34.2
45.0 — 61.0 65.0 64.0 64.0 52.0 47.0 42.8 34.2
50.0 — — 57.0 58.0 56.0 47.0 43.0 39.6 34.2
55.0 — — 49.0 51.0 49.0 43.4 39.6 36.8 34.2
60.0 — — — 45.0 43.6 39.8 36.4 34.2 32.4
65.0 — — — 40.0 38.8 36.6 33.8 31.2 30.0
70.0 — — — 35.8 34.6 33.0 31.0 29.0 28.0
75.0 — — — 32.2 31.0 30.8 28.6 27.0 26.2
80.0 — — — — 27.8 29.2 26.6 25.2 24.4
85.0 — — — — 25.0 26.6 24.2 23.6 23.0
90.0 — — — — 23.6 24.0 22.4 22.4 21.6
95.0 — — — — — 22.0 21.4 21.2 20.4
100.0 — — — — — 20.0 20.4 20.0 19.0
105.0 — — — — — — 18.8 18.6 17.6
110.0 — — — — — — 17.2 17.2 16.2
115.0 — — — — — — 15.8 15.8 14.8
120.0 — — — — — — 14.6 14.4 13.4
125.0 — — — — — — — 13.4 12.4
130.0 — — — — — — — 12.2 11.2
135.0 — — — — — — — 11.4 10.4
140.0 — — — — — — — — 9.4
145.0 — — — — — — — — 8.6
150.0 — — — — — — — — 7.8
*over rear with special equipment
Feet 42.3 58.0 73.6 89.1 104.4 120.2 135.7 151.2 166.6
10.0 212.0 199.0 188.0 143.0 — — — — —
15.0 165.0 166.0 156.0 143.0 110.0 — — — —
20.0 131.0 133.0 133.0 126.0 110.0 79.0 58.0 — —
25.0 108.0 110.0 102.0 94.0 91.0 77.0 58.0 44.0 —
30.0 86.0 85.0 79.0 78.0 72.0 67.0 58.0 44.0 34.2
35.0 — 70.0 67.0 64.0 59.0 55.0 53.0 44.0 34.2
40.0 — 56.0 56.0 53.0 50.0 49.0 45.0 44.0 34.2
45.0 — 46.0 48.0 45.0 42.2 42.4 39.8 40.0 34.2
50.0 — — 40.4 39.4 39.0 36.8 36.2 35.0 32.6
55.0 — — 34.6 34.4 34.6 32.2 32.4 30.8 28.6
60.0 — — — 29.8 30.8 28.4 28.6 27.2 25.2
65.0 — — — 27.0 27.4 26.2 25.6 24.2 22.4
70.0 — — — 24.8 24.2 24.4 23.0 21.6 20.0
75.0 — — — 22.0 21.4 22.0 20.6 19.4 17.8
80.0 — — — — 19.6 19.6 18.6 17.4 15.8
85.0 — — — — 17.6 17.6 16.8 15.8 14.2
90.0 — — — — 15.6 15.8 15.0 14.2 12.8
95.0 — — — — — 14.2 13.6 12.8 11.4
100.0 — — — — — 12.8 12.2 11.6 10.2
105.0 — — — — — — 10.8 10.2 9.0
110.0 — — — — — — 9.8 9.2 8.0
115.0 — — — — — — 8.8 8.2 7.2
120.0 — — — — — — 7.8 7.2 6.2
125.0 — — — — — — — 6.4 5.4
130.0 — — — — — — — 5.6 4.6
135.0 — — — — — — — 4.8 3.8
140.0 — — — — — — — — 3.2
145.0 — — — — — — — — 2.6
150.0 — — — — — — — — 2.0
12,9 m – 50,8 m
(42.3 ft – 166.6 ft)
25.6 ft x 24.6 ft
(100%)
360°40 100 kg
(88,400 lb)
12,9 m – 50,8 m
(42.3 ft – 166.6 ft)
25.6 ft x 24.6 ft
(100%)
360°21 000 kg
(46,200 lb)
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THIS CHART IS ONLY A GUIDE AND SHOULD NOT BE USED TO OPERATE THE CRANE. 
The individual crane’s load chart, operating instructions and other instructional plates must be read and understood prior to operating the crane.
Outriggers
Outriggers
Counterweight
Counterweight
Load charts
Main boom
Pounds x 1000
Pounds x 1000
Boom Extension
Boom Extension
Feet 42.3 58.0 73.6 89.1 104.4 120.2 135.7 151.2 166.6
10.0 208.0 199.0 188.0 143.0 — — — — —
15.0 159.0 160.0 146.0 128.0 110.0 — — — —
20.0 110.0 102.0 97.0 89.0 80.0 73.0 58.0 — —
25.0 77.0 75.0 71.0 66.0 63.0 59.0 56.0 44.0 —
30.0 56.0 57.0 55.0 51.0 50.0 48.0 45.0 40.8 34.2
35.0 — 45.0 45.0 43.6 41.0 39.6 36.8 34.4 31.4
40.0 — 36.0 36.2 35.6 34.2 32.6 30.4 28.2 25.8
45.0 — 28.6 30.0 29.8 28.6 27.2 25.4 23.6 21.4
50.0 — — 25.2 25.2 24.2 23.0 21.4 19.8 17.8
55.0 — — 20.8 21.4 20.6 19.8 18.2 16.8 15.0
60.0 — — — 18.6 17.8 17.0 15.6 14.4 12.6
65.0 — — — 15.8 15.4 14.6 13.4 12.2 10.6
70.0 — — — 13.4 13.4 12.8 11.6 10.4 8.8
75.0 — — — 11.4 11.4 11.0 10.0 8.8 7.4
80.0 — — — — 9.8 9.6 8.6 7.4 6.0
85.0 — — — — 8.4 8.4 7.2 6.2 4.8
90.0 — — — — 7.2 7.0 6.2 5.2 3.8
95.0 — — — — — 6.0 5.2 4.2 3.0
100.0 — — — — — 5.0 4.4 3.4 2.2
105.0 — — — — — — 3.4 2.6 —
110.0 — — — — — — 2.6 2.0 —
115.0 — — — — — — 2.0 — —
Feet 42.3 58.0 73.6 89.1 104.4 120.2 135.7 151.2 166.6
10.0 205.0 199.0 188.0 143.0 — — — — —
15.0 154.0 142.0 124.0 115.0 101.0 — — — —
20.0 93.0 89.0 83.0 76.0 71.0 65.0 57.0 — —
25.0 64.0 63.0 60.0 58.0 54.0 51.0 47.0 40.8 —
30.0 47.0 47.0 46.0 45.0 42.0 39.6 36.6 33.8 30.6
35.0 — 35.8 35.8 35.0 33.4 31.6 29.2 27.0 24.4
40.0 — 28.2 28.6 28.2 27.0 25.6 23.6 21.8 19.6
45.0 — 22.0 23.2 23.2 22.2 21.2 19.4 17.8 15.8
50.0 — — 19.2 19.4 18.6 17.6 16.2 14.6 12.8
55.0 — — 15.6 16.4 15.6 14.8 13.4 12.2 10.4
60.0 — — — 13.8 13.2 12.6 11.2 10.0 8.4
65.0 — — — 11.6 11.2 10.6 9.4 8.2 6.6
70.0 — — — 9.6 9.4 9.0 7.8 6.8 5.2
75.0 — — — 8.0 8.0 7.6 6.4 5.4 3.8
80.0 — — — — 6.6 6.2 5.2 4.2 2.8
85.0 — — — — 5.4 5.2 4.0 3.2 —
90.0 — — — — 4.4 4.2 3.2 2.2 —
95.0 — — — — — 3.2 2.4 — —
100.0 — — — — — 2.4 — — —
12,9 m – 50,8 m
(42.3 ft – 166.6 ft)
25.6 ft x 24.6 ft
(100%)
360°6000 kg
(13,200 lb)
12,9 m – 50,8 m
(42.3 ft – 166.6 ft)
25.6 ft x 24.6 ft
(100%)
360°1000 kg
(2200 lb)
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THIS CHART IS ONLY A GUIDE AND SHOULD NOT BE USED TO OPERATE THE CRANE. 
The individual crane’s load chart, operating instructions and other instructional plates must be read and understood prior to operating the crane
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Operating radius in feet from axis of rotation
Working range
42 ft – 167 ft main boom with hydraulic 36 ft and 59 ft swingaway 1x26 ft and 2x20 ft inserts
Hook heights shown in the working range diagram do not consider loaded boom deflection.
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THIS CHART IS ONLY A GUIDE AND SHOULD NOT BE USED TO OPERATE THE CRANE. 
The individual crane’s load chart, operating instructions and other instructional plates must be read and understood prior to operating the crane.
Outriggers
Outriggers
Counterweight
Counterweight
Load charts
Hydraulic offsettable swingaway
Intermediate angle
Loads for luffing
Pounds x 1000
Pounds x 1000
Boom Extension
Boom Extension
Feet 167 + 36 167 + 59 167 + 85 167 + 105 167 + 125
0° 0° – 20° 20° – 40° 0° 0° – 20° 20° – 40° 0° 0° – 20° 20° – 40° 0° 0° – 20° 20° – 40° 0° 0° – 20° 20° – 40°
30.0 19.0 – – 11.6 – – – – – – – – – – –
35.0 19.0 – – 11.6 – – – – – – – – – – –
40.0 19.0 19.0 – 11.6 – – 8.6 – – 6.6 – – – – –
45.0 19.0 19.0 – 11.4 – – 8.6 – – 6.6 – – 4.6 – –
50.0 19.0 19.0 18.4 11.4 10.6 – 8.6 – – 6.6 – – 4.6 – –
55.0 19.0 19.0 18.2 11.2 10.6 – 8.6 8.6 – 6.6 – – 4.6 – –
60.0 19.0 19.0 18.2 11.2 10.6 – 8.6 8.6 – 6.6 6.6 – 4.6 – –
65.0 19.0 19.0 18.2 11.2 10.4 – 8.6 8.6 – 6.6 6.6 – 4.6 – –
70.0 19.0 19.0 18.2 11.0 10.4 10.0 8.6 8.6 – 6.6 6.6 – 4.6 4.6 –
75.0 19.0 19.0 18.0 11.0 10.4 9.8 8.6 8.4 8.2 6.6 6.6 6.6 4.6 4.6 –
80.0 19.0 18.8 18.0 10.8 10.2 9.8 8.6 8.4 8.0 6.6 6.6 6.6 4.6 4.6 4.6
85.0 18.8 18.0 17.6 10.8 10.2 9.6 8.6 8.2 8.0 6.6 6.6 6.4 4.6 4.6 4.6
90.0 18.0 17.0 16.8 10.8 10.2 9.6 8.6 8.2 7.8 6.6 6.4 6.2 4.6 4.6 4.6
95.0 17.2 15.8 15.8 10.6 10.0 9.4 8.6 8.0 7.8 6..6 6.2 6.2 4.6 4.6 4.6
100.0 16.4 15.0 14.8 10.6 10.0 9.4 8.4 7.8 7.6 6.6 6.2 6.0 4.6 4.6 4.6
105.0 15.2 14.4 14.4 10.6 10.0 9.2 8.2 7.8 7.6 6.4 6.0 6.0 4.6 4.4 4.4
110.0 14.2 13.8 13.8 10.4 10.0 9.2 8.2 7.6 7.4 6.2 6.0 5.8 4.4 4.4 4.4
115.0 13.4 13.4 13.4 10.4 9.8 9.2 8.0 7.4 7.4 6.2 5.8 5.8 4.4 4.2 4.2
120.0 12.6 12.8 12.8 10.4 9.8 9.0 7.8 7.4 7.2 6.0 5.8 5.6 4.2 4.2 4.2
125.0 12.0 12.0 12.4 10.2 9.6 9.0 7.8 7.2 7.0 5.8 5.6 5.6 4.2 4.0 4.0
130.0 11.2 11.2 11.8 10.2 9.6 9.0 7.6 7.2 7.0 5.8 5.6 5.4 4.0 4.0 4.0
135.0 10.2 10.2 10.8 10.0 9.4 9.0 7.4 7.0 6.8 5.6 5.4 5.4 4.0 3.8 4.0
140.0 9.2 9.2 9.8 9.8 9.4 9.0 7.4 7.0 6.8 5.6 5.2 5.2 3.8 3.8 3.8
145.0 8.4 8.4 8.8 9.4 9.4 8.8 7.2 6.8 6.6 5.4 5.2 5.2 3.8 3.8 3.8
150.0 7.6 7.6 8.0 8.6 8.6 8.8 7.0 6.6 6.6 5.4 5.0 5.2 3.8 3.6 3.6
155.0 7.0 7.0 7.4 7.8 7.8 8.6 7.0 6.6 6.4 5.2 5.0 5.0 3.6 3.6 3.6
160.0 6.2 6.2 – 7.2 7.2 8.0 6.8 6.4 6.4 5.0 5.0 5.0 3.6 3.4 3.6
165.0 5.6 5.6 – 6.6 6.6 7.2 6.6 6.4 6.2 5.0 4.8 4.8 3.4 3.4 3.4
170.0 5.0 5.0 – 6.0 6.0 6.6 6.0 6.0 6.2 4.8 4.8 4.8 3.4 3.4 3.4
175.0 4.6 4.6 – 5.4 5.4 6.0 5.4 5.4 6.0 4.8 4.6 4.6 3.2 3.2 3.4
180.0 4.0 – – 4.8 4.8 5.4 4.8 4.8 5.6 4.6 4.6 4.6 3.2 3.2 3.2
185.0 – – – 4.4 4.4 – 4.4 4.4 5.0 4.4 4.4 4.4 3.2 3.0 3.2
190.0 – – – 3.8 3.8 – 4.0 4.0 4.4 4.0 4.0 4.4 3.0 3.0 3.2
195.0 – – – 3.4 3.4 – 3.4 3.4 4.0 3.4 3.4 4.0 3.0 3.0 3.0
200.0 – – – 3.0 3.0 – 3.0 3.0 3.6 3.0 3.0 3.6 2.8 2.8 3.0
205.0 – – – 2.6 – – 2.6 2.6 – 2.6 2.6 3.2 2.4 2.4 3.0
210.0 – – – – – – 2.2 2.2 – 2.2 2.2 2.8 2.0 2.0 2.6
215.0 – – – – – – 2.0 2.0 – – – 2.4 – – 2.2
220.0 – – – – – – – – – – – 2.0 – – –
Feet 167 + 36 167 + 59 167 + 85 167 + 105 167 + 125
0° – 20° 20° – 40° 0° – 20° 20° – 40° 0° – 20° 20° – 40° 0° – 20° 20° – 40° 0° – 20° 20° – 40°
40.0 18.0
45.0 18.0
50.0 18.0 16.2 10.2
55.0 18.0 16.0 10.0 8.2
60.0 18.0 15.6 10.0 8.2 6.4
65.0 18.0 15.4 10.0 8.2 6.4
70.0 17.6 15.2 9.8 8.8 8.2 6.4 4.4
75.0 17.0 14.8 9.8 8.6 8.0 7.8 6.4 6.2 4.4
80.0 16.6 14.6 9.8 8.6 8.0 7.6 6.4 6.2 4.4 4.4
85.0 16.2 14.4 9.8 8.4 7.8 7.6 6.2 6.0 4.4 4.4
90.0 15.8 14.2 9.6 8.2 7.8 7.4 6.0 6.0 4.4 4.4
95.0 15.2 14.2 9.4 8.0 7.6 7.4 6.0 5.8 4.4 4.4
100.0 14.2 14.0 9.0 8.0 7.4 7.2 5.8 5.8 4.4 4.4
105.0 13.8 13.6 8.8 7.8 7.4 7.2 5.8 5.6 4.2 4.2
110.0 13.2 13.2 8.6 7.8 7.2 7.0 5.6 5.6 4.2 4.2
115.0 12.6 12.6 8.4 7.6 7.2 7.0 5.6 5.4 4.0 4.0
120.0 12.2 12.2 8.2 7.6 7.0 6.8 5.4 5.4 4.0 4.0
125.0 11.0 11.8 8.0 7.4 7.0 6.8 5.4 5.2 3.8 3.8
130.0 10.2 10.6 7.8 7.4 6.8 6.6 5.2 5.2 3.8 3.8
135.0 9.2 9.8 7.6 7.2 6.6 6.6 5.2 5.2 3.6 3.8
140.0 8.4 8.8 7.4 7.2 6.6 6.4 5.0 5.0 3.6 3.6
145.0 7.6 8.0 7.2 7.2 6.4 6.4 5.0 5.0 3.6 3.6
150.0 7.0 7.4 7.2 7.0 6.4 6.2 4.8 4.8 3.4 3.6
155.0 6.2 6.6 7.0 7.0 6.2 6.2 4.8 4.8 3.4 3.4
160.0 5.6 6.4 6.8 6.2 6.0 4.6 4.6 3.2 3.4
165.0 5.2 6.0 6.6 6.0 6.0 4.6 4.6 3.2 3.2
170.0 4.6 5.4 6.0 5.4 5.8 4.6 4.6 3.2 3.2
175.0 4.2 4.8 5.4 5.0 5.6 4.4 4.4 3.0 3.2
180.0 4.4 4.8 4.4 5.0 4.4 4.4 3.0 3.0
185.0 4.0 4.0 4.6 4.0 4.2 3.0 3.0
190.0 3.6 3.6 4.0 3.6 4.2 2.8 3.0
195.0 3.2 3.2 3.6 3.2 3.8 2.8 3.0
200.0 2.8 2.8 3.2 2.8 3.2 2.6 2.8
205.0 2.4 2.4 2.8 2.2 2.8
210.0 2.0 2.0 2.4 2.4
215.0 2.2 2.0
50,8 m
(167 ft)
25.6 ft x 24.6 ft
(100%)
360°40 100 kg
(88,400 lb)
11-18-26-32-38 m
(36-59-85-105-125 ft)
50,8 m
(167 ft)
25.6 ft x 24.6 ft
(100%)
360°40 100 kg
(88,400 lb)
11-18-26-32-38 m
(36-59-85-105-125 ft)
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THIS CHART IS ONLY A GUIDE AND SHOULD NOT BE USED TO OPERATE THE CRANE. 
The individual crane’s load chart, operating instructions and other instructional plates must be read and understood prior to operating the crane
OutriggersCounterweight
OutriggersCounterweight
Load charts
Hydraulic offsettable swingaway
Intermediate angle
Loads for luffing
Pounds x 1000
Pounds x 1000
Boom Extension
Boom Extension
Feet 167 + 36 167 + 59 167 + 85 167 + 105 167 + 125
0° 0° – 20° 20° – 40° 0° 0° – 20° 20° – 40° 0° 0° – 20° 20° – 40° 0° 0° – 20° 20° – 40° 0° 0° – 20° 20° – 40°
30.0 19.0 – – 11.6 – – – – – – – – – – –
35.0 19.0 – – 11.6 – – – – – – – – – – –
40.0 19.0 19.0 – 11.6 – – 8.6 – – 6.6 – – – – –
45.0 19.0 19.0 – 11.4 – – 8.6 – – 6.6 – – 4.6 – –
50.0 19.0 19.0 18.4 11.4 10.6 – 8.6 – – 6.6 – – 4.6 – –
55.0 19.0 19.0 18.2 11.2 10.6 – 8.6 8.6 – 6.6 – – 4.6 – –
60.0 19.0 19.0 18.2 11.2 10.6 – 8.6 8.6 – 6.6 6.6 – 4.6 – –
65.0 19.0 19.0 18.2 11.2 10.4 – 8.6 8.6 – 6.6 6.6 – 4.6 – –
70.0 18.6 18.6 18.2 11.0 10.4 10.0 8.6 8.6 – 6.6 6.6 – 4.6 4.6 –
75.0 16.6 16.6 18.0 11.0 10.4 9.8 8.6 8.4 8.2 6.6 6.6 6.6 4.6 4.6 –
80.0 14.8 14.8 16.2 10.8 10.2 9.8 8.6 8.4 8.0 6.6 6.6 6.6 4.6 4.6 4.6
85.0 13.2 13.2 14.4 10.8 10.2 9.6 8.6 8.2 8.0 6.6 6.6 6.4 4.6 4.6 4.6
90.0 11.8 11.8 13.0 10.8 10.2 9.6 8.6 8.2 7.8 6.6 6.4 6.2 4.6 4.6 4.6
95.0 10.6 10.6 11.6 10.6 10.0 9.4 8.6 8.0 7.8 6.6 6.2 6.2 4.6 4.6 4.6
100.0 9.4 9.4 10.4 10.0 10.0 9.4 8.4 7.8 7.6 6.6 6.2 6.0 4.6 4.6 4.6
105.0 8.4 8.4 9.2 9.0 9.0 9.2 8.2 7.8 7.6 6.4 6.0 6.0 4.6 4.4 4.4
110.0 7.4 7.4 8.2 8.0 8.0 9.2 7.8 7.6 7.4 6.2 6.0 5.8 4.4 4.4 4.4
115.0 6.4 6.4 7.2 7.2 7.2 8.6 7.0 7.0 7.4 6.2 5.8 5.8 4.4 4.2 4.2
120.0 5.6 5.6 6.4 6.4 6.4 7.6 6.2 6.2 7.2 6.0 5.8 5.6 4.2 4.2 4.2
125.0 5.0 5.0 5.6 5.6 5.6 6.8 5.4 5.4 6.8 5.2 5.2 5.6 4.2 4.0 4.0
130.0 4.2 4.2 4.8 5.0 5.0 6.2 4.8 4.8 6.0 4.6 4.6 5.4 4.0 4.0 4.0
135.0 3.6 3.6 4.2 4.4 4.4 5.4 4.2 4.2 5.2 4.0 4.0 5.2 3.6 3.6 4.0
140.0 3.0 3.0 3.4 3.8 3.8 4.8 3.6 3.6 4.6 3.4 3.4 4.6 3.0 3.0 3.8
145.0 2.4 2.4 2.8 3.2 3.2 4.2 3.0 3.0 4.0 2.8 2.8 4.0 2.6 2.6 3.6
150.0 2.0 2.0 2.4 2.6 2.6 3.6 2.6 2.6 3.4 2.4 2.4 3.4 2.0 2.0 3.0
155.0 – – – 2.2 2.2 3.0 2.0 2.0 3.0 – – 2.8 – – 2.6
160.0 – – – – – 2.4 – – 2.4 – – 2.4 – – 2.0
165.0 – – – – – 2.0 – – 2.0 – – – – – –
Feet 167 + 36 167 + 59 167 + 85 167 + 105 167 + 125
0° – 20° 20° – 40° 0° – 20° 20° – 40° 0° – 20° 20° – 40° 0° – 20° 20° – 40° 0° – 20° 20° – 40°
40.0 18.0 – – – – – – – – –
45.0 18.0 – – – – – – – – –
50.0 18.0 16.2 10.2 – – – – – – –
55.0 18.0 16.0 10.0 – 8.2 – – – – –
60.0 18.0 15.6 10.0 – 8.2 – 6.4 – – –
65.0 18.0 15.4 10.0 – 8.2 – 6.4 – – –
70.0 17.6 15.2 9.8 8.8 8.2 – 6.4 – 4.4 –
75.0 16.6 14.8 9.8 8.6 8.0 7.8 6.4 6.2 4.4 –
80.0 14.8 14.6 9.8 8.6 8.0 7.6 6.4 6.2 4.4 4.4
85.0 13.2 14.4 9.8 8.4 7.8 7.6 6.2 6.0 4.4 4.4
90.0 11.8 13.0 9.6 8.2 7.8 7.4 6.0 6.0 4.4 4.4
95.0 10.6 11.6 9.4 8.0 7.6 7.4 6.0 5.8 4.4 4.4
100.0 9.4 10.4 9.0 8.0 7.4 7.2 5.8 5.8 4.4 4.4
105.0 8.4 9.2 8.8 7.8 7.4 7.2 5.8 5.6 4.2 4.2
110.0 7.4 8.2 8.0 7.8 7.2 7.0 5.6 5.6 4.2 4.2
115.0 6.4 7.2 7.2 7.6 7.0 7.0 5.6 5.4 4.0 4.0
120.0 5.6 6.2 6.4 7.6 6.2 6.8 5.4 5.4 4.0 4.0
125.0 4.8 5.4 5.6 6.8 5.4 6.8 5.2 5.2 3.8 3.8
130.0 4.0 4.6 5.0 6.0 4.8 6.0 4.6 5.2 3.8 3.8
135.0 3.4 4.0 4.2 5.4 4.2 5.2 4.0 5.2 3.6 3.8
140.0 2.8 3.2 3.6 4.6 3.6 4.6 3.4 4.6 3.0 3.6
145.0 2.2 2.6 3.0 4.0 3.0 4.0 2.8 4.0 2.6 3.6
150.0 – 2.2 2.6 3.4 2.6 3.4 2.4 3.4 2.0 3.0
155.0 – – 2.0 2.8 2.0 3.0 – 2.8 – 2.6
160.0 – – – 2.4 – 2.4 – 2.4 – 2.0
165.0 – – – – – 2.0 – – – –
50,8 m
(167 ft)
25.6 ft x 24.6 ft
(100%)
360°21 000 kg
(46,200 lb)
11-18-26-32-38 m
(36-59-85-105-125 ft)
50,8 m
(167 ft)
25.6 ft x 24.6 ft
(100%)
360°21 000 kg
(46,200 lb)
11-18-26-32-38 m
(36-59-85-105-125 ft)
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THIS CHART IS ONLY A GUIDE AND SHOULD NOT BE USED TO OPERATE THE CRANE. 
The individual crane’s load chart, operating instructions and other instructional plates must be read and understood prior to operating the crane.
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Hook heights shown in the working range diagram do not consider loaded boom deflection.
Working range
42 ft – 167 ft main boom with 12 ft integrated heavy duty jib
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THIS CHART IS ONLY A GUIDE AND SHOULD NOT BE USED TO OPERATE THE CRANE. 
The individual crane’s load chart, operating instructions and other instructional plates must be read and understood prior to operating the crane
Outriggers
Outriggers
Counterweight
Counterweight
Load charts
Integrated heavy duty jib
Intermediate angle
Loads for luffing
Pounds x 1000Boom Extension
Pounds x 1000Boom Extension
Feet 42.3 + 11.8 73.6 + 11.8 104.4 + 11.8 135.7 + 11.8 166.6 + 11.8
0° < 20° < 40° 0° < 20° < 40° 0° < 20° < 40° 0° < 20° < 40° 0° < 20° < 40°
10.0 95.0 95.0 88.0 – 95.0 – – – – – – – – – –
15.0 91.0 87.0 86.0 – 95.0 88.0 – – – – – – – – –
20.0 79.0 78.0 79.0 95.0 94.0 88.0 – 66.0 66.0 – – – – – –
25.0 70.0 71.0 74.0 92.0 87.0 85.0 78.0 66.0 66.0 – 41.2 41.2 – – –
30.0 63.0 66.0 71.0 84.0 82.0 81.0 75.0 66.0 66.0 – 41.2 41.2 – 26.0 26.0
35.0 57.0 62.0 69.0 77.0 76.0 78.0 70.0 66.0 66.0 46.0 41.2 41.2 – 26.0 26.0
40.0 53.0 – – 71.0 72.0 74.0 65.0 64.0 65.0 46.0 41.2 41.2 27.0 26.0 26.0
45.0 – – – 66.0 66.0 66.0 60.0 60.0 51.0 43.4 41.2 41.2 27.0 26.0 26.0
50.0 – – – 58.0 58.0 58.0 54.0 54.0 55.0 40.2 40.0 41.2 27.0 26.0 26.0
55.0 – – – 50.0 50.0 50.0 48.0 48.0 48.0 37.2 37.2 38.0 27.0 26.0 26.0
60.0 – – – 44.0 44.0 – 42.6 42.6 42.8 34.2 34.4 35.0 27.0 26.0 26.0
65.0 – – – 38.8 38.8 – 38.2 38.2 38.4 31.2 31.2 31.8 27.0 26.0 26.0
70.0 – – – 34.6 34.6 – 34.4 34.4 34.6 28.8 29.0 29.4 26.0 25.8 26.0
75.0 – – – – – – 31.0 31.0 31.0 26.8 27.0 27.4 24.4 24.4 25.0
80.0 – – – – – – 27.8 27.8 27.8 25.0 25.2 25.4 22.8 23.0 23.4
85.0 – – – – – – 25.0 25.0 25.0 23.2 23.2 23.4 21.4 21.4 21.8
90.0 – – – – – – 22.6 22.6 – 21.2 21.2 21.2 20.2 20.2 20.6
95.0 – – – – – – 20.4 20.4 – 19.2 19.2 19.2 19.0 19.0 19.2
100.0 – – – – – – – – – 17.6 17.8 18.0 17.6 17.8 18.0
105.0 – – – – – – – – – 16.6 16.8 17.0 16.4 16.4 16.6
110.0 – – – – – – – – – 15.6 15.8 16.0 15.0 15.0 15.2
115.0 – – – – – – – – – 14.6 14.8 – 14.0 14.0 14.0
120.0 – – – – – – – – – 13.8 13.8 – 12.6 12.6 12.6
125.0 – – – – – – – – – 12.8 12.8 – 11.4 11.4 11.6
130.0 – – – – – – – – – 11.8 11.8 – 10.4 10.4 10.4
135.0 – – – – – – – – – – – – 9.4 9.4 9.4
140.0 – – – – – – – – – – – – 8.6 8.6 –
145.0 – – – – – – – – – – – – 7.8 7.8 –
150.0 – – – – – – – – – – – – 7.0 7.0 –
155.0 – – – – – – – – – – – – 6.2 6.2 –
160.0 – – – – – – – – – – – – 5.6 – –
Feet 42.3 + 11.8 73.6 + 11.8 104.4 + 11.8 135.7 + 11.8 166.6 + 11.8
0° – 20° 20° – 40° 0° – 20° 20° – 40° 0° – 20° 20° – 40° 0° – 20° 20° – 40° 0° – 20° 20° – 40°
10.0 67.0 67.0 71.0 – – – – – – –
15.0 64.0 64.0 69.0 67.0 – – – – – –
20.0 62.0 62.0 66.0 66.0 63.0 63.0 – – – –
25.0 58.0 60.0 64.0 64.0 63.0 63.0 39.2 39.2 – –
30.0 55.0 60.0 63.0 63.0 63.0 63.0 39.2 39.2 24.8 24.6
35.0 53.0 60.0 62.0 62.0 63.0 63.0 39.2 39.2 24.8 24.6
40.0 – – 59.0 61.0 61.0 62.0 39.2 39.2 24.8 24.6
45.0 – – 57.0 60.0 57.0 58.0 39.2 39.2 24.8 24.6
50.0 – – 54.0 54.0 53.0 54.0 39.2 39.2 24.8 24.6
55.0 – – 46.0 47.0 46.0 47.0 35.4 36.2 24.8 24.6
60.0 – – 40.4 – 40.4 40.6 32.8 33.2 24.8 24.6
65.0 – – 35.6 – 35.6 35.8 29.8 30.2 24.8 24.6
70.0 – – 31.6 – 31.6 31.6 27.6 28.0 24.6 24.6
75.0 – – – – 28.2 28.2 25.8 26.0 23.2 23.8
80.0 – – – – 25.2 25.2 24.0 24.2 21.8 22.2
85.0 – – – – 22.6 22.6 21.6 21.6 20.4 20.8
90.0 – – – – 20.4 – 19.4 19.4 19.2 19.6
95.0 – – – – 18.6 – 17.8 18.0 18.2 18.4
100.0 – – – – – – 16.8 17.2 17.0 17.0
105.0 – – – – – – 16.0 16.2 15.4 15.4
110.0 – – – – – – 15.0 15.0 14.0 14.0
115.0 – – – – – – 13.8 – 12.6 12.8
120.0 – – – – – – 12.6 – 11.6 11.6
125.0 – – – – – – 11.6 – 10.4 10.4
130.0 – – – – – – 10.6 – 9.4 9.6
135.0 – – – – – – – – 8.6 8.6
140.0 – – – – – – – – 7.8 –
145.0 – – – – – – – – 7.0 –
150.0 – – – – – – – – 6.4 –
155.0 – – – – – – – – 5.8 –
12,9 m - 50,8 m
(42.3 ft - 166.6 ft)
25.6 ft x 24.6 ft
(100%)
360°40 100 kg
(88,400 lb)
3,6 m
(11.8 ft)
12,9 m - 50,8 m
(42.3 ft - 166.6 ft)
25.6 ft x 24.6 ft
(100%)
360°40 100 kg
(88,400 lb)
3,6 m
(11.8 ft)
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The individual crane’s load chart, operating instructions and other instructional plates must be read and understood prior to operating the crane.
Outriggers
Outriggers
Counterweight
Counterweight
Load charts
Integrated heavy duty jib
Intermediate angle
Loads for luffing
Pounds x 1000Boom Extension
Pounds x 1000Boom Extension
Feet 42.3 + 11.8 73.6 + 11.8 104.4 + 11.8 135.7 + 11.8 166.6'+ 11.8
0° < 20° < 40° 0° < 20° < 40° 0° < 20° < 40° 0° < 20° < 40° 0° < 20° < 40°
10.0 95.0 95.0 88.0 – 95.0 – – – – – – – – – –
15.0 91.0 87.0 86.0 – 95.0 88.0 – – – – – – – – –
20.0 79.0 78.0 79.0 95.0 94.0 88.0 – 66.0 66.0 – – – – – –
25.0 70.0 71.0 74.0 92.0 87.0 85.0 78.0 66.0 66.0 – 41.2 41.2 – – –
30.0 63.0 66.0 71.0 77.0 77.0 78.0 70.0 66.0 66.0 – 41.2 41.2 – 26.0 26.0
35.0 57.0 62.0 69.0 63.0 63.0 64.0 57.0 57.0 58.0 46.0 41.2 41.2 – 26.0 26.0
40.0 53.0 – – 53.0 53.0 54.0 48.0 48.0 49.0 43.0 41.2 41.2 27.0 26.0 26.0
45.0 – – – 47.0 47.0 47.0 41.0 41.0 41.4 36.6 36.6 37.2 27.0 26.0 26.0
50.0 – – – 40.6 40.6 40.8 35.4 35.4 35.6 32.6 32.4 33.0 27.0 26.0 26.0
55.0 – – – 35.0 35.0 35.2 30.8 31.0 31.8 30.0 30.0 30.4 27.0 26.0 26.0
60.0 – – – 30.4 30.4 – 28.6 28.8 29.2 26.8 26.8 27.0 23.8 23.8 24.2
65.0 – – – 26.6 26.6 – 26.4 26.4 26.6 23.8 23.8 24.0 21.0 21.0 21.4
70.0 – – – 23.4 23.4 – 23.6 23.6 23.8 21.2 21.2 21.4 18.6 18.6 18.8
75.0 – – – – – – 21.0 21.0 21.2 19.0 19.0 19.0 16.6 16.6 16.8
80.0 – – – – – – 18.8 18.8 18.8 17.0 17.0 17.0 14.6 14.6 14.8
85.0 – – – – – – 16.6 16.6 16.6 15.2 15.2 15.4 13.0 13.0 13.2
90.0 – – – – – – 14.8 14.8 – 13.6 13.6 13.8 11.6 11.6 11.8
95.0 – – – – – – 13.2 13.2 – 12.4 12.4 12.4 10.2 10.2 10.4
100.0 – – – – – – – – – 11.0 11.0 11.0 9.0 9.0 9.2
105.0 – – – – – – – – – 9.6 9.6 9.6 8.0 8.0 8.0
110.0 – – – – – – – – – 8.6 8.6 8.6 7.0 7.0 7.0
115.0 – – – – – – – – – 7.6 7.6 – 6.2 6.2 6.2
120.0 – – – – – – – – – 6.6 6.6 – 5.2 5.2 5.4
125.0 – – – – – – – – – 5.8 5.8 – 4.6 4.6 4.6
130.0 – – – – – – – – – 5.0 5.0 – 3.8 3.8 3.8
135.0 – – – – – – – – – – – – 3.0 3.0 3.0
140.0 – – – – – – – – – – – – 2.4 2.4
Feet 42.3 + 11.8 73.6 + 11.8 104.4 + 11.8 135.7 + 11.8 166.6 + 11.8
0° – 20° 20° – 40° 0° – 20° 20° – 40° 0° – 20° 20° – 40° 0° – 20° 20° – 40° 0° – 20° 20° – 40°
10.0 67.0 67.0 71.0 – – – – – – –
15.0 64.0 64.0 69.0 67.0 – – – – – –
20.0 62.0 62.0 66.0 66.0 63.0 63.0 – – – –
25.0 58.0 60.0 64.0 64.0 63.0 63.0 39.2 39.2 – –
30.0 55.0 60.0 63.0 63.0 63.0 63.0 39.2 39.2 24.8 24.6
35.0 53.0 60.0 62.0 62.0 57.0 58.0 39.2 39.2 24.8 24.6
40.0 – – 52.0 52.0 48.0 49.0 39.2 39.2 24.8 24.6
45.0 – – 45.0 45.0 41.0 41.4 36.6 37.2 24.8 24.6
50.0 – – 37.6 37.8 35.4 35.6 31.6 32.0 24.8 24.6
55.0 – – 32.2 32.2 30.2 30.4 28.4 29.0 24.8 24.6
60.0 – – 27.8 – 27.4 28.0 26.6 27.0 23.8 24.2
65.0 – – 24.2 – 24.6 24.8 23.8 24.0 21.0 21.4
70.0 – – 21.4 – 21.6 21.8 20.8 21.0 18.6 18.8
75.0 – – – – 19.2 19.2 18.2 18.4 16.6 16.8
80.0 – – – – 17.0 17.0 16.2 16.2 14.6 14.8
85.0 – – – – 15.2 15.2 14.2 14.4 13.0 13.2
90.0 – – – – 13.6 – 12.6 12.8 11.6 11.6
95.0 – – – – 12.0 – 11.2 11.2 10.0 10.2
100.0 – – – – – – 10.0 10.0 8.8 9.0
105.0 – – – – – – 8.8 8.8 7.6 7.8
110.0 – – – – – – 7.8 7.8 6.6 6.8
115.0 – – – – – – 6.8 – 5.8 5.8
120.0 – – – – – – 6.0 – 5.0 5.0
125.0 – – – – – – 5.2 – 4.2 4.2
130.0 – – – – – – 4.6 – 3.4 3.4
135.0 – – – – – – – – 2.8 2.8 
140.0 – – – – – – – – 2.2 –
12,9 m - 50,8 m
(42.3 ft - 166.6 ft)
25.6 ft x 24.6 ft
(100%)
360°21 000 kg
(46,200 lb)
3,6 m
(11.8 ft)
12,9 m - 50,8 m
(42.3 ft - 166.6 ft)
25.6 ft x 24.6 ft
(100%)
360°21 000 kg
(46,200 lb)
3,6 m
(11.8 ft)
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Symbols glossary
Drive
RotationElectrical system
Suspension
Fuel tank capacity
Tires
Engine
Brakes
Outrigger controls
Axles
Outriggers
Transmission
Frame
Steering
Lights
Boom elevation
Cab
Swing
Hydraulic system
Hoist
Boom nose
Radius
Boom extension
Boom length
Grade Gear
Boom
Counterweight
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 APPENDIX X: CONSTRUCTION SCHEDULE 
 
ID Task 
Mode
WBS Task Name Duration Start Finish Predecessors Resource Names
1 1 Bannan Engineering Laboratories 
Construction
161 days Tue 5/10/16 Wed 
12/28/16
2 1.1 Begin Construction 0 days Mon 6/20/16 Mon 6/20/16
3 1.2 Sitework 161 days Tue 5/10/16 Wed 12/28/16
4 1.2.1 Earthwork 21 days Thu 6/23/16 Fri 7/22/16 21
5 1.2.1.1 Excavation 3 days Thu 6/23/16 Mon 6/27/16
6 1.2.1.2 Backfill 2 days Thu 7/21/16 Fri 7/22/16 58
7 1.2.1.3 Sheet Pile Installation 2 days Tue 6/28/16 Wed 6/29/16 5
8 1.2.1.4 Sheet Pile Removal 2 days Thu 7/21/16 Fri 7/22/16 58
9 1.2.2 Surveying 1 day Mon 6/13/16 Mon 6/13/16
10 1.2.3 Utility Services 13 days Tue 6/28/16 Fri 7/15/16 5
11 1.2.3.1 Gas Connections 3 days Tue 6/28/16 Thu 6/30/16
12 1.2.3.2 Sewage Connections 3 days Fri 7/1/16 Wed 7/6/16 11
13 1.2.3.3 Water Supply Connection 3 days Thu 7/7/16 Mon 7/11/16 12
14 1.2.3.4 Drainage Connections 3 days Tue 7/12/16 Thu 7/14/16 13
15 1.2.3.5 Commissioning/Testing 1 day Fri 7/15/16 Fri 7/15/16 11,12,13,14
16 1.2.4 Landscaping 10 days Wed 9/28/16 Wed 10/12/1688
17 1.2.4.1 Landscaping Planting 5 days Wed 9/28/16 Tue 10/4/16
18 1.2.4.2 Landscaping Irrigation 5 days Wed 10/5/16 Wed 10/12/16 17
19 1.2.5 Logistics 161 days Tue 5/10/16 Wed 12/28/16
20 1.2.5.1 Permits 30 days Tue 5/10/16 Mon 6/20/16
21 1.2.5.2 Mobilization 3 days Mon 6/20/16 Wed 6/22/16
22 1.2.5.3 De‐Mobilization 3 days Fri 12/23/16 Wed 12/28/16 235
23 1.3 Basement 102 days Tue 5/10/16 Fri 9/30/16
24 1.3.1 Structural Concrete 59 days Tue 5/10/16 Mon 8/1/16
25 1.3.1.1 Concrete Rebar Shop Drawings 30 days Tue 5/10/16 Mon 6/20/16
26 1.3.1.2 Concrete Columns 29 days Tue 6/21/16 Mon 8/1/16
27 1.3.1.2.1 Formwork & Shoring 10 days Tue 7/19/16 Mon 8/1/16
28 1.3.1.2.1.1 Concrete Column Formwork 
Shuttering
1 day Tue 7/19/16 Tue 7/19/16 7,39,48,57
29 1.3.1.2.1.2 Concrete Column Formwork 
Removal
1 day Mon 8/1/16 Mon 8/1/16 31
30 1.3.1.2.2 Concrete Column Pouring 1 day Wed 7/27/16 Wed 7/27/16 28,40,34
31 1.3.1.2.3 Concrete Column Curing 2 days Thu 7/28/16 Fri 7/29/16 30
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ID Task 
Mode
WBS Task Name Duration Start Finish Predecessors Resource Names
32 1.3.1.2.4 Rebar 25 days Tue 6/21/16 Tue 7/26/16
33 1.3.1.2.4.1 Concrete Column Rebar 
Manufacturing
10 days Tue 6/21/16 Tue 7/5/16 25
34 1.3.1.2.4.2 Concrete Column Rebar 
Placement
5 days Wed 7/20/16 Tue 7/26/16 33,28
35 1.3.1.3 Concrete Footings 19 days Tue 6/21/16 Mon 7/18/16
36 1.3.1.3.1 Formwork & Shoring 12 days Thu 6/30/16 Mon 7/18/16
37 1.3.1.3.1.1 Concrete Footing Formwork 
Shuttering
1 day Thu 6/30/16 Thu 6/30/16 7
38 1.3.1.3.1.2 Concrete Footing Formwork 
Removal
1 day Mon 7/18/16 Mon 7/18/16 40
39 1.3.1.3.2 Concrete Footing Pouring 1 day Wed 7/13/16 Wed 7/13/16 37,46,43
40 1.3.1.3.3 Concrete Footing Curing 2 days Thu 7/14/16 Fri 7/15/16 39
41 1.3.1.3.4 Rebar 15 days Tue 6/21/16 Tue 7/12/16
42 1.3.1.3.4.1 Concrete Footing Rebar 
Manufacturing
10 days Tue 6/21/16 Tue 7/5/16 25
43 1.3.1.3.4.2 Concrete Footing Rebar 
Placement
5 days Wed 7/6/16 Tue 7/12/16 42,37
44 1.3.1.4 Concrete Retaining Wall 19 days Tue 6/21/16 Mon 7/18/16
45 1.3.1.4.1 Formwork & Shoring 12 days Thu 6/30/16 Mon 7/18/16
46 1.3.1.4.1.1 Concrete RW Formwork 
Shuttering
1 day Thu 6/30/16 Thu 6/30/16 7
47 1.3.1.4.1.2 Concrete RW Formwork Removal 1 day Mon 7/18/16 Mon 7/18/16 49
48 1.3.1.4.2 Concrete RW Pouring 1 day Wed 7/13/16 Wed 7/13/16 52,46
49 1.3.1.4.3 Concrete RW Curing 2 days Thu 7/14/16 Fri 7/15/16 48
50 1.3.1.4.4 Rebar 15 days Tue 6/21/16 Tue 7/12/16
51 1.3.1.4.4.1 Concrete RW Rebar 
Manufacturing
10 days Tue 6/21/16 Tue 7/5/16 25
52 1.3.1.4.4.2 Concrete RW Rebar Placement 5 days Wed 7/6/16 Tue 7/12/16 51
53 1.3.1.5 1st Slab 23 days Mon 6/20/16 Thu 7/21/16
54 1.3.1.5.1 Formwork & Shoring 15 days Thu 6/30/16 Thu 7/21/16
55 1.3.1.5.1.1 Concrete 1st Slab Formwork 
Shuttering
1 day Thu 6/30/16 Thu 6/30/16 7
4/10 4/24 5/8 5/22 6/5 6/19 7/3 7/17 7/31 8/14 8/28 9/11 9/25 10/9 10/23 11/6 11/20 12/4 12/18 1/1
 1 May 1 June 1 July 1 August 1 September 1 October 1 November 1 December 1 January 
Task
Split
Milestone
Summary
Project Summary
External Tasks
External Milestone
Inactive Task
Inactive Milestone
Inactive Summary
Manual Task
Duration‐only
Manual Summary Rollup
Manual Summary
Start‐only
Finish‐only
Deadline
Progress
Page 2
Project: BannanSchedule 061314
Date: Mon 6/16/14
ID Task 
Mode
WBS Task Name Duration Start Finish Predecessors Resource Names
56 1.3.1.5.1.2 Concrete 1st Slab Formwork 
Removal
1 day Thu 7/21/16 Thu 7/21/16 58
57 1.3.1.5.2 Concrete 1st Slab Pouring 1 day Mon 7/18/16 Mon 7/18/16 61,48,40,55
58 1.3.1.5.3 Concrete 1st Slab Curing 2 days Tue 7/19/16 Wed 7/20/16 57
59 1.3.1.5.4 Rebar 14 days Mon 6/20/16 Fri 7/8/16
60 1.3.1.5.4.1 Concrete 1st Slab Rebar 
Manufacturing
10 days Mon 6/20/16 Fri 7/1/16
61 1.3.1.5.4.2 Concrete 1st Slab Rebar 
Placement
5 days Fri 7/1/16 Fri 7/8/16 55
62 1.3.2 Thermal and Moisture 2 days Fri 7/1/16 Tue 7/5/16
63 1.3.2.1 Footing Insulation 1 day Fri 7/1/16 Fri 7/1/16 37
64 1.3.2.2 Retaining Wall Insulation 2 days Fri 7/1/16 Tue 7/5/16 46
65 1.3.3 Doors and Windows 6 days Fri 9/23/16 Fri 9/30/16 86
66 1.3.3.1 Frames Installation 3 days Fri 9/23/16 Tue 9/27/16
67 1.3.3.2 Panels Installation 3 days Wed 9/28/16 Fri 9/30/16 66
68 1.3.4 Conveying 4 days Tue 9/20/16 Fri 9/23/16
69 1.3.4.1 Elevator (All Floors) 4 days Tue 9/20/16 Fri 9/23/16
70 1.3.4.1.1 Elevator Rough Installation 3 days Tue 9/20/16 Thu 9/22/16 210
71 1.3.4.1.2 Elevator Fixtures Installation 1 day Fri 9/23/16 Fri 9/23/16 83
72 1.3.5 Plumbing 49 days Mon 7/18/16 Fri 9/23/16
73 1.3.5.1 Rough Piping Installation 3 days Mon 7/18/16 Wed 7/20/16 10
74 1.3.5.2 Fixtures 5 days Mon 9/19/16 Fri 9/23/16 216
75 1.3.6 Mechanical (Sub) 46 days Thu 7/21/16 Fri 9/23/16
76 1.3.6.1 Ducts 3 days Thu 7/21/16 Mon 7/25/16 73
77 1.3.6.2 Controls 5 days Mon 9/19/16 Fri 9/23/16 216
78 1.3.6.3 Outlet & Control Fixtures 5 days Mon 9/19/16 Fri 9/23/16 216
79 1.3.7 Electrical (Sub) 6 days Tue 7/26/16 Tue 8/2/16
80 1.3.7.1 Conduits 3 days Tue 7/26/16 Thu 7/28/16 76
81 1.3.7.2 Fixtures 3 days Fri 7/29/16 Tue 8/2/16 80
82 1.3.8 Finishes 9 days Tue 9/20/16 Fri 9/30/16
83 1.3.8.1 Plaster & Gypsum Finishes 3 days Tue 9/20/16 Thu 9/22/16 210
84 1.3.8.2 Ceiling Finishes 3 days Fri 9/23/16 Tue 9/27/16 83
85 1.3.8.3 Flooring Finishes 3 days Wed 9/28/16 Fri 9/30/16 84
86 1.3.8.4 Wall Finishes 3 days Tue 9/20/16 Thu 9/22/16 210
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Mode
WBS Task Name Duration Start Finish Predecessors Resource Names
87 1.3.8.5 Acoustical Treatment 3 days Fri 9/23/16 Tue 9/27/16 83
88 1.3.8.6 Paints and Coatings 3 days Fri 9/23/16 Tue 9/27/16 210,83,86
89 1.3.9 Specialties 3 days Wed 9/28/16 Fri 9/30/16
90 1.3.9.1 Restroom Partitions & Finishes 3 days Wed 9/28/16 Fri 9/30/16 88
91 1.4 1st Floor 128 days Tue 5/10/16 Tue 11/8/16
92 1.4.1 Structural Steel 64 days Tue 5/10/16 Mon 8/8/16
93 1.4.1.1 1st Floor SS Shop Drawings 30 days Tue 5/10/16 Mon 6/20/16
94 1.4.1.2 Deck 34 days Tue 6/21/16 Mon 8/8/16
95 1.4.1.2.1 SS Deck Manufacturing 5 days Tue 6/21/16 Mon 6/27/16 93
96 1.4.1.2.2 SS Deck Delivery 1 day Tue 6/28/16 Tue 6/28/16 95
97 1.4.1.2.3 SS Deck Placement 3 days Thu 8/4/16 Mon 8/8/16 96,105,101
98 1.4.1.3 Columns 29 days Tue 6/21/16 Mon 8/1/16
99 1.4.1.3.1 SS Column Manufacturing 10 days Tue 6/21/16 Tue 7/5/16 93
100 1.4.1.3.2 SS Column Delivery 1 day Wed 7/6/16 Wed 7/6/16 99
101 1.4.1.3.3 SS Column Placement 1 day Mon 8/1/16 Mon 8/1/16 100,31
102 1.4.1.4 Beams & Girders 31 days Tue 6/21/16 Wed 8/3/16
103 1.4.1.4.1 SS Beam/Girders Manufacturing 10 days Tue 6/21/16 Tue 7/5/16 93
104 1.4.1.4.2 SS Beam/Girders Delivery 1 day Wed 7/6/16 Wed 7/6/16 103
105 1.4.1.4.3 SS Beam/Girders Placement 2 days Tue 8/2/16 Wed 8/3/16 104,101
106 1.4.2 Structural Concrete 71 days Tue 5/10/16 Wed 8/17/16
107 1.4.2.1 Deck 71 days Tue 5/10/16 Wed 8/17/16
108 1.4.2.1.1 Formwork & Shoring 7 days Tue 8/9/16 Wed 8/17/16
109 1.4.2.1.1.1 Concrete Deck Formwork 
Shuttering
1 day Tue 8/9/16 Tue 8/9/16 97
110 1.4.2.1.1.2 Concrete Deck Formwork 
Removal
1 day Wed 8/17/16 Wed 8/17/16 112
111 1.4.2.1.2 Concrete Pouring 1 day Fri 8/12/16 Fri 8/12/16 97,116,109
112 1.4.2.1.3 Concrete Curing 2 days Mon 8/15/16 Tue 8/16/16 111
113 1.4.2.1.4 Rebar 67 days Tue 5/10/16 Thu 8/11/16
114 1.4.2.1.4.1 1st Floor Deck Rebar Shop 
Drawings
30 days Tue 5/10/16 Mon 6/20/16
115 1.4.2.1.4.2 1st Floor Deck Rebar 
Manufacturing
10 days Tue 6/21/16 Tue 7/5/16 114
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116 1.4.2.1.4.3 1st Floor Deck Rebar Placement 2 days Wed 8/10/16 Thu 8/11/16 115,109,97
117 1.4.3 Thermal and Moisture 12 days Mon 10/24/16Tue 11/8/16
118 1.4.3.1 Ceiling Insulation 3 days Mon 10/24/16Wed 10/26/16 137
119 1.4.3.2 Wall Insulation 3 days Fri 11/4/16 Tue 11/8/16 138
120 1.4.4 Doors and Windows 14 days Wed 10/5/16 Tue 10/25/16 65
121 1.4.4.1 Frames Installation 7 days Mon 10/17/16 Tue 10/25/16 122
122 1.4.4.2 Panels Installation 7 days Wed 10/5/16 Fri 10/14/16 134
123 1.4.5 Plumbing 6 days Mon 9/26/16 Mon 10/3/16 72
124 1.4.5.1 Rough Piping 3 days Mon 9/26/16 Wed 9/28/16 210,73
125 1.4.5.2 Fixtures 3 days Thu 9/29/16 Mon 10/3/16 124
126 1.4.6 Mechanical (Sub) 7 days Mon 9/26/16 Tue 10/4/16 75
127 1.4.6.1 Ducts 3 days Mon 9/26/16 Wed 9/28/16 210
128 1.4.6.2 Controls 2 days Thu 9/29/16 Fri 9/30/16 127
129 1.4.6.3 Outlet & Control Fixtures 2 days Mon 10/3/16 Tue 10/4/16 128
130 1.4.7 Electrical (Sub) 14 days Tue 9/20/16 Fri 10/7/16 79
131 1.4.7.1 Conduits 7 days Tue 9/20/16 Wed 9/28/16 210
132 1.4.7.2 Fixtures 7 days Thu 9/29/16 Fri 10/7/16 131
133 1.4.8 Finishes 23 days Mon 10/3/16 Thu 11/3/16 82
134 1.4.8.1 Non‐Structural Metal Framing Exterior
(Stud Wall)
2 days Mon 10/3/16 Tue 10/4/16 210
135 1.4.8.2 Non‐Structural Metal Framing Interior 
(Stud Wall)
2 days Mon 10/3/16 Tue 10/4/16 210
136 1.4.8.3 Plaster & Gypsum Finishes 7 days Mon 10/3/16 Wed 10/12/16 210,83
137 1.4.8.4 Ceiling Finishes 7 days Thu 10/13/16 Fri 10/21/16 136
138 1.4.8.5 Wall Finishes 7 days Wed 10/26/16 Thu 11/3/16 137,121
139 1.4.8.6 Flooring Finishes 7 days Mon 10/3/16 Wed 10/12/16 210,83
140 1.4.8.7 Acoustical Treatment 7 days Mon 10/24/16 Tue 11/1/16 83,137
141 1.4.8.8 Paints and Coatings 7 days Thu 10/13/16 Fri 10/21/16 136,139
142 1.4.9 Specialties 3 days Wed 10/5/16 Fri 10/7/16 89
143 1.4.9.1 Restroom Partitions & Finishes 3 days Wed 10/5/16 Fri 10/7/16 134,135
144 1.5 2nd Floor 146 days Tue 5/10/16 Tue 12/6/16
145 1.5.1 Structural Steel 75 days Tue 5/10/16 Tue 8/23/16
146 1.5.1.1 2nd Floor Shop Drawings 30 days Tue 5/10/16 Mon 6/20/16
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147 1.5.1.2 Deck 45 days Tue 6/21/16 Tue 8/23/16
148 1.5.1.2.1 SS Deck Manufacturing 5 days Tue 6/21/16 Mon 6/27/16 146
149 1.5.1.2.2 SS Deck Delivery 1 day Tue 6/28/16 Tue 6/28/16 148
150 1.5.1.2.3 SS Deck Placement 3 days Fri 8/19/16 Tue 8/23/16 149,154
151 1.5.1.3 Beams & Girders 42 days Tue 6/21/16 Thu 8/18/16
152 1.5.1.3.1 SS Beam/Girders Manufacturing 10 days Tue 6/21/16 Tue 7/5/16 146
153 1.5.1.3.2 SS Beam/Girders Delivery 1 day Wed 7/6/16 Wed 7/6/16 152
154 1.5.1.3.3 SS Beam/Girders Placement 2 days Wed 8/17/16 Thu 8/18/16 112,101
155 1.5.2 Structural Concrete 83 days Tue 5/10/16 Fri 9/2/16
156 1.5.2.1 Deck 83 days Tue 5/10/16 Fri 9/2/16
157 1.5.2.1.1 Formwork & Shoring 8 days Wed 8/24/16 Fri 9/2/16
158 1.5.2.1.1.1 Concrete Deck Formwork 
Shuttering
1 day Wed 8/24/16 Wed 8/24/16 150
159 1.5.2.1.1.2 Concrete Deck Formwork 
Removal
1 day Fri 9/2/16 Fri 9/2/16 161
160 1.5.2.1.2 Concrete Pouring 1 day Tue 8/30/16 Tue 8/30/16 165
161 1.5.2.1.3 Concrete Curing 2 days Wed 8/31/16 Thu 9/1/16 160
162 1.5.2.1.4 Rebar 79 days Tue 5/10/16 Mon 8/29/16
163 1.5.2.1.4.1 2nd Floor Deck Rebar Shop 
Drawings
30 days Tue 5/10/16 Mon 6/20/16
164 1.5.2.1.4.2 2nd Floor Deck Rebar 
Manufacturing
1 day Tue 6/21/16 Tue 6/21/16 163
165 1.5.2.1.4.3 2nd Floor Deck Rebar Placement 3 days Thu 8/25/16 Mon 8/29/16 158,150,164
166 1.5.3 Thermal and Moisture 10 days Wed 11/16/16Wed 11/30/16
167 1.5.3.1 Ceiling Insulation 3 days Mon 11/28/16Wed 11/30/16 186
168 1.5.3.2 Wall Insulation 3 days Wed 11/16/16 Fri 11/18/16 187
169 1.5.4 Doors and Windows 7 days Tue 11/8/16 Thu 11/17/16 120
170 1.5.4.1 Frames Installation 7 days Tue 11/8/16 Thu 11/17/16 183,184
171 1.5.4.2 Panels Installation 7 days Tue 11/8/16 Thu 11/17/16 183,184
172 1.5.5 Plumbing 7 days Tue 10/4/16 Thu 10/13/16 123
173 1.5.5.1 Rough Piping 3 days Tue 10/4/16 Thu 10/6/16 210,124
174 1.5.5.2 Fixtures 3 days Tue 10/11/16 Thu 10/13/16 173,132
175 1.5.6 Mechanical (Sub) 7 days Wed 10/5/16 Fri 10/14/16 126
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Project: BannanSchedule 061314
Date: Mon 6/16/14
ID Task 
Mode
WBS Task Name Duration Start Finish Predecessors Resource Names
176 1.5.6.1 Ducts 3 days Wed 10/5/16 Fri 10/7/16 210
177 1.5.6.2 Controls 2 days Tue 10/11/16 Wed 10/12/16 176,128
178 1.5.6.3 Outlet & Control Fixtures 2 days Thu 10/13/16 Fri 10/14/16 177
179 1.5.7 Electrical (Sub) 14 days Tue 10/11/16 Fri 10/28/16 130
180 1.5.7.1 Conduits 7 days Tue 10/11/16 Wed 10/19/16 131
181 1.5.7.2 Fixtures 7 days Thu 10/20/16 Fri 10/28/16 180
182 1.5.8 Finishes 21 days Fri 11/4/16 Tue 12/6/16 133
183 1.5.8.1 Non‐Structural Metal Framing Exterior
(Stud Wall)
2 days Fri 11/4/16 Mon 11/7/16 210
184 1.5.8.2 Non‐Structural Metal Framing Interior 
(Stud Wall)
2 days Fri 11/4/16 Mon 11/7/16 210
185 1.5.8.3 Plaster & Gypsum Finishes 7 days Fri 11/4/16 Tue 11/15/16 210,136
186 1.5.8.4 Ceiling Finishes 7 days Wed 11/16/16 Fri 11/25/16 185
187 1.5.8.5 Wall Finishes 7 days Fri 11/4/16 Tue 11/15/16 137,121
188 1.5.8.6 Flooring Finishes 7 days Fri 11/4/16 Tue 11/15/16 210,136
189 1.5.8.7 Acoustical Treatment 7 days Mon 11/28/16 Tue 12/6/16 136,186
190 1.5.8.8 Paints and Coatings 7 days Mon 11/28/16 Tue 12/6/16 185,186
191 1.5.9 Specialties 3 days Tue 11/8/16 Thu 11/10/16 142
192 1.5.9.1 Restroom Partitions & Finishes 3 days Tue 11/8/16 Thu 11/10/16 183,184
193 1.6 Roof Level 158 days Tue 5/10/16 Thu 12/22/16
194 1.6.1 Structural Steel 87 days Tue 5/10/16 Fri 9/9/16
195 1.6.1.1 Shop Drawings 30 days Tue 5/10/16 Mon 6/20/16
196 1.6.1.2 Deck 58 days Mon 6/20/16 Fri 9/9/16
197 1.6.1.2.1 SS Deck Manufacturing 5 days Mon 6/20/16 Fri 6/24/16
198 1.6.1.2.2 SS Deck Delivery 1 day Mon 6/27/16 Mon 6/27/16 197
199 1.6.1.2.3 SS Deck Placement 2 days Thu 9/8/16 Fri 9/9/16 203
200 1.6.1.3 Beams & Girders 56 days Mon 6/20/16 Wed 9/7/16
201 1.6.1.3.1 SS Beam/Girders Manufacturing 10 days Mon 6/20/16 Fri 7/1/16
202 1.6.1.3.2 SS Beam/Girders Delivery 1 day Tue 7/5/16 Tue 7/5/16 201
203 1.6.1.3.3 SS Beam/Girders Placement 3 days Fri 9/2/16 Wed 9/7/16 202,161
204 1.6.2 Structural Concrete 94 days Tue 5/10/16 Tue 9/20/16
205 1.6.2.1 Deck 7 days Mon 9/12/16 Tue 9/20/16
206 1.6.2.1.1 Formwork & Shoring 7 days Mon 9/12/16 Tue 9/20/16
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Project: BannanSchedule 061314
Date: Mon 6/16/14
ID Task 
Mode
WBS Task Name Duration Start Finish Predecessors Resource Names
207 1.6.2.1.1.1 Concrete Deck Formwork 
Shuttering
1 day Mon 9/12/16 Mon 9/12/16 199
208 1.6.2.1.1.2 Concrete Deck Formwork 
Removal
1 day Tue 9/20/16 Tue 9/20/16 210
209 1.6.2.1.2 Concrete Pouring 1 day Thu 9/15/16 Thu 9/15/16 207,214
210 1.6.2.1.3 Concrete Curing 2 days Fri 9/16/16 Mon 9/19/16 209
211 1.6.2.2 Rebar 90 days Tue 5/10/16 Wed 9/14/16
212 1.6.2.2.1 Roof Deck Rebar Shop Drawing 30 days Tue 5/10/16 Mon 6/20/16
213 1.6.2.2.2 Roof Deck Rebar Manufacturing 1 day Tue 6/21/16 Tue 6/21/16 212
214 1.6.2.2.3 Roof Deck Rebar Placement 2 days Tue 9/13/16 Wed 9/14/16 213,207
215 1.6.3 Thermal and Moisture 1 day Fri 9/16/16 Fri 9/16/16
216 1.6.3.1 Roof Slab Insulation 1 day Fri 9/16/16 Fri 9/16/16 209
217 1.6.4 Roof Access Doors and Frames 3 days Fri 11/18/16 Tue 11/22/16 169
218 1.6.4.1 Roof Door Frames Installation 3 days Fri 11/18/16 Tue 11/22/16 210
219 1.6.4.2 Roof Door Panels Installation 3 days Fri 11/18/16 Tue 11/22/16 210
220 1.6.5 Plumbing 6 days Fri 10/14/16 Fri 10/21/16 172
221 1.6.5.1 Rough Piping 3 days Fri 10/14/16 Tue 10/18/16 210,173
222 1.6.5.2 Fixtures 3 days Wed 10/19/16 Fri 10/21/16 221
223 1.6.6 Mechanical (Sub) 28 days Mon 10/17/16Fri 11/25/16 175
224 1.6.6.1 Ducts 7 days Mon 10/17/16 Tue 10/25/16 176
225 1.6.6.2 Controls 7 days Wed 10/26/16 Thu 11/3/16 224
226 1.6.6.3 Outlet & Control Fixtures 7 days Fri 11/4/16 Tue 11/15/16 225
227 1.6.6.4 Air Handling Units 7 days Wed 11/16/16 Fri 11/25/16 226
228 1.6.7 Electrical (Sub) 14 days Mon 10/31/16Fri 11/18/16 179
229 1.6.7.1 Conduits 7 days Mon 10/31/16 Tue 11/8/16 131
230 1.6.7.2 Routing 7 days Wed 11/9/16 Fri 11/18/16 229
231 1.6.8 Finishes 12 days Wed 12/7/16 Thu 12/22/16 182
232 1.6.8.1 Plaster & Gypsum 5 days Wed 12/7/16 Tue 12/13/16 210
233 1.6.8.2 Non‐Structural Metal Framing Exterior
(Roof Parapet)
7 days Wed 12/7/16 Thu 12/15/16 210
234 1.6.8.3 Flooring 7 days Wed 12/7/16 Thu 12/15/16 210,188
235 1.6.8.4 Paints and Coatings 7 days Wed 12/14/16 Thu 12/22/16 232
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Project: BannanSchedule 061314
Date: Mon 6/16/14
ID Task 
Mode
WBS Task Name Duration Start Finish
1 1 Bannan Engineering Laboratories 
Construction
161 days Tue 5/10/16 Wed 
12/28/16
2 1.1 Begin Construction 0 days Mon 6/20/16 Mon 6/20/16
3 1.2 Sitework 161 days Tue 5/10/16 Wed 12/28/16
4 1.2.1 Earthwork 21 days Thu 6/23/16 Fri 7/22/16
9 1.2.2 Surveying 1 day Mon 6/13/16 Mon 6/13/16
10 1.2.3 Utility Services 13 days Tue 6/28/16 Fri 7/15/16
16 1.2.4 Landscaping 10 days Wed 9/28/16 Wed 10/12/16
19 1.2.5 Logistics 161 days Tue 5/10/16 Wed 12/28/16
23 1.3 Basement 102 days Tue 5/10/16 Fri 9/30/16
24 1.3.1 Structural Concrete 59 days Tue 5/10/16 Mon 8/1/16
62 1.3.2 Thermal and Moisture 2 days Fri 7/1/16 Tue 7/5/16
65 1.3.3 Doors and Windows 6 days Fri 9/23/16 Fri 9/30/16
68 1.3.4 Conveying 4 days Tue 9/20/16 Fri 9/23/16
72 1.3.5 Plumbing 49 days Mon 7/18/16 Fri 9/23/16
75 1.3.6 Mechanical (Sub) 46 days Thu 7/21/16 Fri 9/23/16
79 1.3.7 Electrical (Sub) 6 days Tue 7/26/16 Tue 8/2/16
80 1.3.7.1 Conduits 3 days Tue 7/26/16 Thu 7/28/16
81 1.3.7.2 Fixtures 3 days Fri 7/29/16 Tue 8/2/16
82 1.3.8 Finishes 9 days Tue 9/20/16 Fri 9/30/16
89 1.3.9 Specialties 3 days Wed 9/28/16 Fri 9/30/16
90 1.3.9.1 Restroom Partitions & Finishes 3 days Wed 9/28/16 Fri 9/30/16
91 1.4 1st Floor 128 days Tue 5/10/16 Tue 11/8/16
92 1.4.1 Structural Steel 64 days Tue 5/10/16 Mon 8/8/16
106 1.4.2 Structural Concrete 71 days Tue 5/10/16 Wed 8/17/16
117 1.4.3 Thermal and Moisture 12 days Mon 10/24/16Tue 11/8/16
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ID Task 
Mode
WBS Task Name Duration Start Finish
120 1.4.4 Doors and Windows 14 days Wed 10/5/16 Tue 10/25/16
123 1.4.5 Plumbing 6 days Mon 9/26/16 Mon 10/3/16
126 1.4.6 Mechanical (Sub) 7 days Mon 9/26/16 Tue 10/4/16
130 1.4.7 Electrical (Sub) 14 days Tue 9/20/16 Fri 10/7/16
133 1.4.8 Finishes 23 days Mon 10/3/16 Thu 11/3/16
142 1.4.9 Specialties 3 days Wed 10/5/16 Fri 10/7/16
144 1.5 2nd Floor 146 days Tue 5/10/16 Tue 12/6/16
145 1.5.1 Structural Steel 75 days Tue 5/10/16 Tue 8/23/16
155 1.5.2 Structural Concrete 83 days Tue 5/10/16 Fri 9/2/16
166 1.5.3 Thermal and Moisture 10 days Wed 11/16/16Wed 11/30/16
169 1.5.4 Doors and Windows 7 days Tue 11/8/16 Thu 11/17/16
172 1.5.5 Plumbing 7 days Tue 10/4/16 Thu 10/13/16
175 1.5.6 Mechanical (Sub) 7 days Wed 10/5/16 Fri 10/14/16
179 1.5.7 Electrical (Sub) 14 days Tue 10/11/16 Fri 10/28/16
182 1.5.8 Finishes 21 days Fri 11/4/16 Tue 12/6/16
191 1.5.9 Specialties 3 days Tue 11/8/16 Thu 11/10/16
192 1.5.9.1 Restroom Partitions & Finishes 3 days Tue 11/8/16 Thu 11/10/16
193 1.6 Roof Level 158 days Tue 5/10/16 Thu 12/22/16
194 1.6.1 Structural Steel 87 days Tue 5/10/16 Fri 9/9/16
204 1.6.2 Structural Concrete 94 days Tue 5/10/16 Tue 9/20/16
215 1.6.3 Thermal and Moisture 1 day Fri 9/16/16 Fri 9/16/16
217 1.6.4 Roof Access Doors and Frames 3 days Fri 11/18/16 Tue 11/22/16
220 1.6.5 Plumbing 6 days Fri 10/14/16 Fri 10/21/16
223 1.6.6 Mechanical (Sub) 28 days Mon 10/17/16Fri 11/25/16
224 1.6.6.1 Ducts 7 days Mon 10/17/16 Tue 10/25/16
225 1.6.6.2 Controls 7 days Wed 10/26/16 Thu 11/3/16
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ID Task 
Mode
WBS Task Name Duration Start Finish
226 1.6.6.3 Outlet & Control Fixtures 7 days Fri 11/4/16 Tue 11/15/16
227 1.6.6.4 Air Handling Units 7 days Wed 11/16/16 Fri 11/25/16
228 1.6.7 Electrical (Sub) 14 days Mon 10/31/16Fri 11/18/16
229 1.6.7.1 Conduits 7 days Mon 10/31/16 Tue 11/8/16
230 1.6.7.2 Routing 7 days Wed 11/9/16 Fri 11/18/16
231 1.6.8 Finishes 12 days Wed 12/7/16 Thu 12/22/16
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Project: BannanSchedule 061314
Date: Fri 6/13/14
Y-1 
 
 APPENDIX Y: STRUCUTRAL MATERIAL COST 
 
Code Section Division ID Activity Quantity unit Material Material
$/Unit Cost
05 12 Structural Steel Columns Qty (1) W10x33, L = 32' 32 LF 48.00$       1,536.00$          
Qty (2) W10x45, L = 32'   *(Est. W10x49) 64 LF 71.50$       4,576.00$          
Qty (11) W10x49, L = 32' 352 LF 71.50$       25,168.00$        
Qty (8) W10x77, L = 32'  *(Est. W18x76) 256 LF 111.00$     28,416.00$        
Qty (1) W12x65, L = 16'  *(Est. W18x65) 16 LF 94.50$       1,512.00$          
Qty (2) W12x65, L = 32'  *(Est. W18x65) 64 LF 94.50$       6,048.00$          
Qty (2) W12x70, L = 32'
*(Est. using avg. of W12x72 & W12x87) 64 LF 116.00$     7,424.00$          
74,680.00$        
05 12 Structural Steel: Beams & Girders Roof Qty (2) W21x44, L = 8' 16 LF 64.00$       1,024.00$          
Qty (1) W21x44, L = 10' 10 LF 64.00$       640.00$             
Qty (9) W21x44, L = 30' 270 LF 64.00$       17,280.00$        
Qty (1) W21x44, L = 32' 32 LF 64.00$       2,048.00$          
Qty (12) W21x62, L = 30' 360 LF 90.50$       32,580.00$        
Qty (1) W21x62, L = 32' 32 LF 90.50$       2,896.00$          
Qty (6) W21x68, L = 30' 180 LF 99.00$       17,820.00$        
Qty (2) W21x132, L = 40' 80 LF 213.00$     17,040.00$        
Qty (8) W27x84, L = 25' 200 LF 122.00$     24,400.00$        
Qty (4) W30x116, L = 21.5' 86 LF 169.00$     14,534.00$        
Qty (2) W40x167, L = 43' 86 LF 248.00$     21,328.00$        
Qty (1) W40x215, L = 25' 25 LF 335.00$     8,375.00$          
Qty (1) W40x215, L = 43' 43 LF 335.00$     14,405.00$        
174,370.00$      
05 12 Structural Steel: Beams & Girders 2nd Fl. Qty (2) W21x44, L = 10' 20 LF 64.00$       1,280.00$          
Qty (5) W21x44, L = 30' 150 LF 64.00$       9,600.00$          
Qty (1) W21x55, L = 7' 7 LF 80.00$       560.00$             
Qty (1) W21x55, L = 33' 33 LF 80.00$       2,640.00$          
Qty (1) W36x282, L = 20' 20 LF 410.00$     8,200.00$          
Qty (1) W36x282, L = 30' 30 LF 410.00$     12,300.00$        
Qty (12) W21x48, L = 30' 360 LF 73.00$       26,280.00$        
Qty (1) W21x55, L = 7' 7 LF 80.00$       560.00$             
Qty (2) W21x55, L = 10' 20 LF 80.00$       1,600.00$          
Qty (2) W21x55, L = 20' 40 LF 80.00$       3,200.00$          
Qty (6) W21x55, L = 30' 180 LF 80.00$       14,400.00$        
Qty (1) W21x101, L = 33' 33 LF 147.00$     4,851.00$          
Total Structural Steel Material Cost: Columns
Total Structural Steel Material Cost: Roof Beams & Girders     
Code Section Division ID Activity Quantity unit Material Material
$/Unit Cost
05 12 Structural Steel: Beams & Girders 2nd Fl. Qty (2) W21x101, L =40' 80 LF 147.00$     11,760.00$        
Qty (2) W36x282, L = 30' 60 LF 410.00$     24,600.00$        
Qty (4) W24x76, L = 25' 100 LF 111.00$     11,100.00$        
Qty (1) W27x281, L = 21.5' 21.5 LF 410.00$     8,815.00$          
Qty (2) W27x281, L = 25' 50 LF 410.00$     20,500.00$        
Qty (3) W30x99 = 21.5 64.5 LF 144.00$     9,288.00$          
Qty (2) W30x116, L = 25' 50 LF 169.00$     8,450.00$          
Qty (1) W30x211, L = 43' 43 LF 309.00$     13,287.00$        
Qty (2) W33x152, L = 18' 36 LF 219.00$     7,884.00$          
Qty (1) W33x152, L = 25' 25 LF 219.00$     5,475.00$          
Qty (2) W33x152, L = 43' 86 LF 219.00$     18,834.00$        
225,464.00$      
05 12 Structural Steel: Beams & Girders 1st Fl. Qty (2) W21x44, L = 10' 20 LF 64.00$       1,280.00$          
Qty (5) W21x44, L = 30' 150 LF 64.00$       9,600.00$          
Qty (1) W21x55, L =7' 7 LF 80.00$       560.00$             
Qty (1) W21x55, L = 33' 33 LF 80.00$       2,640.00$          
Qty (1) W36x282, L = 20' 20 LF 440.00$     8,800.00$          
Qty (3) W36x282, L = 30' 90 LF 440.00$     39,600.00$        
Qty (12) W21x48, L = 30' 360 LF 73.00$       26,280.00$        
Qty (1) W21x55, L = 7' 7 LF 80.00$       560.00$             
Qty (2) W21x55, L = 10' 20 LF 80.00$       1,600.00$          
Qty (2) W21x55, L = 20' 40 LF 80.00$       3,200.00$          
Qty (6) W21x55, L = 30' 180 LF 80.00$       14,400.00$        
Qty (1) W21x101, L = 33' 33 LF 147.00$     4,851.00$          
Qty (2) W21x101, L =40' 80 LF 147.00$     11,760.00$        
Qty (2) W36x282, L = 30' 60 LF 410.00$     24,600.00$        
Qty (4) W24x76, L = 25' 100 LF 111.00$     11,100.00$        
Qty (1) W27x281, L = 21.5' 21.5 LF 410.00$     8,815.00$          
Qty (2) W27x281, L = 25' 50 LF 410.00$     20,500.00$        
Qty (3) W30x99 = 21.5' 64.5 LF 144.00$     9,288.00$          
Qty (2) W30x116, L = 25' 50 LF 169.00$     8,450.00$          
Qty (1) W30x211, L = 43' 43 LF 309.00$     13,287.00$        
Qty (2) W33x152, L = 18' 36 LF 219.00$     7,884.00$          
Qty (1) W33x152, L = 25' 25 LF 219.00$     5,475.00$          
Qty (2) W33x152, L=43' 86 LF 219.00$     18,834.00$        
253,364.00$      
Total Structural Steel Material Cost: 2nd Floor Beams & Girders     
Total Structural Steel Material Cost: 1st Floor Beams & Girders     
Code Section Division ID Activity Quantity unit Material Material
$/Unit Cost
Structural Steel: Brace Framing Qty (4) HSS 8"x8"x0.5", L = 20.3' 81.2 LF 645.00$     52,374.00$        
Qty (4) HSS 8"x8"x0.5", L = 19.3' 77.2 LF 645.00$     49,794.00$        
Qty (10) HSS 9"x9"x0.5", L = 21.9' 219 LF 645.00$     141,255.00$      
Qty (2) HSS 9"x9"x0.5", L=18.9' 37.8 LF 645.00$     24,381.00$        
267,804.00$      
995,682.00$      
11 Concrete Forming 10"x10" Columns, Forms in Place, qty = 27 1440 SFCA 1.84$         2,649.60$          
6"x6" Columns, Forms in Place, qty = 2 64 SFCA 2.11$         135.04$             
Forms in Place, Elevated Flat Slabs, 3-use 10880 SF 1.68$         18,278.40$        
Spread Footings, job-built lumber, 1-use 832 SFCA 2.00$         1,664.00$          
Forms in Place, Walls, 16', 1-use 7296 SFCA 2.91$         21,231.36$        
30 Cast-in-place Concrete Slab on grade (3500 psi), 4" thick 124.4 CY 120.00$     14,928.00$        
Footings, 3000 psi 1-5CY 106.8 CY 198.00$     21,146.40$        
Columns, Square, 12"x12", 2-3% reinforc. 11.41 CY 565.00$     6,446.65$          
41 Precast Structural Concrete Stairs Precast Concrete Treads, 3' wide 180 Riser 134.00$     24,120.00$        
110,599.45$      
1,106,281.45$  Total Structural Material Costs
Total Structural Steel Material Cost: Brace Framing    
Concrete Total
Structural Steel Total
Z-1 
 
 APPENDIX Z: ESTIMATE SUMMARY 
Total Cost Estimate Summary
RSMeans Const. RSMeans SF
Code Section Division Detailed Cost Percentage SF Cost Projected Cost
x 01 General Requirements
x 31 Project Management and Coordination
x 41 Regulatory Requirements
45 Quality Control
51 Temporary Utilities
52 Construction Facilities
54 Construction Aids (ex. temporary day cranes)
x 56 Temporary Barriers and Enclosures
02 Existing Conditions
41 Demolition Excluded
03 Concrete
x 11 Concrete Forming
15 Concrete Accessories
x 30 Cast‐in‐Place Concrete
05 Metals
x 12 Structural Steel Columns
x Structural Steel Beams and Girders
Structural Steel Brace Framing
x 31 Steel Decking
06 Wood, Plastics & Composites
x 11 Wood Framing: Partitions
x 16 Sheathing: Subflooring
x 43 Wood Stairs and Railings
x 48 Wood Frames
07 Thermal & Moisture Protection
x 21 Thermal Insulation
22 Roof and Deck Insulation
x 24 Exterior Insulation and Finish Systems
x 32 Roof Tiles
33 Natural Roof Coverings
08 Openings
x 11 Metal Doors and Frames
13 Metal Doors and Frames
16 Composite Doors
x 43 Aluminum‐Framed Entrance Doors and Frames (Patio)
x 44 Curtail Wall and Glazed Assemblies
x 51 Metal Windows
x 81 Glass Glazing: Insulating & Window
09 Finishes
21 Gypsum Board Shaft Wall Assemblies
23 Gypsum Plastering
24 Cement Plastering
29 Gypsum Board
51 Acoustical Ceilings
62 Specialty Laminate Flooring
65 Resilient Flooring
68 Carpeting
91 Exterior and Interior Painting
10 Specialties
11 Visual Display Units
21 Compartments and Cubicles
22 Partitions
44 Fire Portection
71 Exterior Protection
73 Protective Covers
11 Equipment
12 Furnishings
13 Special Construction
x 14 Conveying Equipment
x 24 Hydraulic Elevator
28 Elevator Equipment and Controls
21 Fire Suppression
22 Plumbing
47 Drinking Fountains
23 Heating, Ventilating, Air Conditioning
26 Electrical
31 Earthwork
06 Schedules for Earthwork
22 Grading
23 Excavation and Fill
41 Shoring
32 Exterior Improvements
06 Schedules for Exterior Improvements
16 Curbs, Gutters, Sidewalks, and Driveways
33 Utilities
11 Water Utility Distribution Piping
31 Sanitary Utility Sewer Piping
44 Storm Utility Water Drains
51 Natural Gas Distribution
41 Material Processing & Handling Equipment
22 Cranes and Hoists
SF Costs Stair Construction ‐‐
Total Cost
Bonds
Insurance
Taxes
Fee
Total including above
Code Section Division ID Activity Quantity unit Daily Duration Material WTC Material Crew Labor Labor Labor Equip.  C Equip. Total Means Item Page
Output days $/Unit  Cost $/Unit FC Cost $/Unit Cost Cost
01 General Requirements
31 Proj. Mgmt & Coord. Field Engineer Week -- -$             1,350.00$    -$        01-31-13.20-0120 12
General Purpose, Laborer Week -- -$             1,475.00$    -$        01-31-13.20-0160 12
Project Manager Week -- -$             2,225.00$    -$        01-31-13.20-0200 12
Superintendent Week -- -$             2,050.00$    -$        01-31-13.20-0260 12
41 Regulatory Requirements Permit Requirements 0.50% 01-41-26.50-0020 12
52 Construction Facilities Office Trailer w/ AC, rent per month 15 Month 217.50$       01-52-13.20-0250 17
54 Construction Aids Portable Toilet Rental* 01-54-33-6410 698
56 Temp. Barriers/Enclosures Temporary Fencing 6' High Chain Link LF 300 2.95$           2 Clab 1.95$           
02 Existing Conditions
41 Demolition Excluded
03 3 Concrete
11 Concrete Forming 10"x10" Columns, Forms in Place SFCA 350 1.84$           C-1 3.98$           -$        03-11-13.25-7550 54
Forms in Place, Elevated Flat Slabs, 3-use SF 532 1.68$           C-2 4.03$           -$        03-11-13.25-2100 54
Spread Footings, job-built lumber, 1-use SFCA 305 2.00$           C-1 4.57$           -$        03-11-13.45-5000 56
Forms in Place, Walls, 16', 1-use SFCA 370 2.64$           C-2 5.80$           -$        03-11-13.85 57
30 Cast-in-place Concrete Slab on grade (3500 psi), 6" thick CY 92 115.00$       C-14E 43.00$         0.36$      03-30-53.40-4700 76
41 Precast Structural Concrete Stairs Precast Concrete Treads, 3' wide 180 Riser 75 2.4 134.00$       C-12 29.00$         8.85$      03-41-23.50-0020 84
05 Metals
12 Structural Steel Columns Qty (1) W10x33, L = 32' 32 LF 550 0.058182 48.00$             E‐2 5.10$                2.78$         05‐12‐23.75‐0740 131
Qty (2) W10x45, L = 32'   *(Est. W10x49) 64 LF 550 0.116364 71.50$             E‐2 5.10$                2.78$         05‐12‐23.75‐0900 131
Qty (11) W10x49, L = 32' 352 LF 550 0.64 71.50$             E‐2 5.10$                2.78$         05‐12‐23.75‐0900 131
Qty (8) W10x77, L = 32'  *(Est. W18x76) 256 LF 900 0.284444 111.00$           E‐5 4.50$                1.86$         05‐12‐23.75‐3940 132
Qty (1) W12x65, L = 16'  *(Est. W18x65) 16 LF 900 0.017778 94.50$             E‐5 4.50$                1.86$         05‐12‐23.75‐3920 132
Qty (2) W12x65, L = 32'  *(Est. W18x65) 64 LF 900 0.071111 94.50$             E‐5 4.50$                1.86$         05‐12‐23.75‐3920 132
Qty (2) W12x70, L = 32'
*(Est. using avg. of W12x72 & W12x87) 64
LF 640 0.1 116.00$           E‐2 4.39$                2.39$         05‐12‐23.75 131
Structural Steel: Beams & Girders Roof Qty (2) W21x44, L = 8' 16 LF 1064 0.015038 64.00$             E‐5 3.81$                1.57$         05‐12‐23.75‐4100 132
Qty (1) W21x44, L = 10' 10 LF 1064 0.009398 64.00$             E‐5 3.81$                1.57$         05‐12‐23.75‐4100 132
Qty (9) W21x44, L = 30' 270 LF 1064 0.253759 64.00$             E‐5 3.81$                1.57$         05‐12‐23.75‐4100 132
Qty (1) W21x44, L = 32' 32 LF 1064 0.030075 64.00$             E‐5 3.81$                1.57$         05‐12‐23.75‐4100 132
Qty (12) W21x62, L = 30' 360 LF 1036 0.34749 90.50$             E‐5 3.91$                1.61$         05‐12‐23.75‐4500 132
Qty (1) W21x62, L = 32' 32 LF 1036 0.030888 90.50$             E‐5 3.91$                1.61$         05‐12‐23.75‐4500 132
Qty (6) W21x68, L = 30' 180 LF 1036 0.173745 99.00$             E‐5 3.91$                1.61$         05‐12‐23.75‐4700 132
Qty (2) W21x132, L = 40' 80 LF 1050 0.07619 213.00$           E‐5 3.86$                1.59$         05‐12‐23.75‐5780 132
Qty (8) W27x84, L = 25' 200 LF 1190 0.168067 122.00$           E‐5 3.41$                1.40$         05‐12‐23.75‐5800 132
Qty (4) W30x116, L = 21.5' 86 LF 1160 0.074138 169.00$           E‐5 3.49$                1.44$         05‐12‐23.75‐6500 132
Qty (2) W40x167, L = 43' 86 LF 1150 0.074783 248.00$           E‐5 3.52$                1.45$         05‐12‐23.75‐7600 133
Qty (1) W40x215, L = 25' 25 LF 1125 0.022222 335.00$           E‐5 3.60$                1.49$         05‐12‐23.75‐7900 133
Qty (1) W40x215, L = 43' 43 LF 1125 0.038222 335.00$           E‐5 3.60$                1.49$         05‐12‐23.75‐7900 133
Structural Steel: Beams & Girders 2nd Fl. Qty (2) W21x44, L = 10' 20 LF 1064 0.018797 64.00$             E‐5 3.81$                1.57$         05‐12‐23.75‐4100 132
Qty (5) W21x44, L = 30' 150 LF 1064 0.140977 64.00$             E‐5 3.81$                1.57$         05‐12‐23.75‐4100 132
Qty (1) W21x55, L = 7' 7 LF 1110 0.006306 80.00$             E‐5 3.65$                1.51$         05‐12‐23.75‐4900 132
Qty (1) W21x55, L = 33' 33 LF 1110 0.02973 80.00$             E‐5 3.65$                1.51$         05‐12‐23.75‐4900 132
Qty (1) W36x282, L = 20' 20 LF 1035 0.019324 410.00$           E‐5 3.92$                1.61$         05‐12‐23.75 133
Qty (1) W36x282, L = 30' 30 LF 1035 0.028986 410.00$           E‐5 3.92$                1.61$         05‐12‐23.75 133
Qty (12) W21x48, L = 30' 360 LF 1064 0.338346 73.00$             E‐5 3.81$                1.57$         05‐12‐23.75‐4300 132
Qty (1) W21x55, L = 7' 7 LF 1110 0.006306 80.00$             E‐5 3.65$                1.51$         05‐12‐23.75‐4900 132
Qty (2) W21x55, L = 10' 20 LF 1110 0.018018 80.00$             E‐5 3.65$                1.51$         05‐12‐23.75‐4900 132
Qty (2) W21x55, L = 20' 40 LF 1110 0.036036 80.00$             E‐5 3.65$                1.51$         05‐12‐23.75‐4900 132
Qty (6) W21x55, L = 30' 180 LF 1110 0.162162 80.00$             E‐5 3.65$                1.51$         05‐12‐23.75‐4900 132
Qty (1) W21x101, L = 33' 33 LF 1000 0.033 147.00$           E‐5 4.05$                1.67$         05‐12‐23.75‐4760 132
Qty (2) W21x101, L =40' 80 LF 1000 0.08 147.00$           E‐5 4.05$                1.67$         05‐12‐23.75‐4760 132
Qty (2) W36x282, L = 30' 60 LF 1035 0.057971 410.00$           E‐5 3.92$                1.61$         05‐12‐23.75 133
Qty (4) W24x76, L = 25' 100 LF 1110 0.09009 111.00$           E‐5 3.65$                1.51$         05‐12‐23.75‐5500 132
Qty (1) W27x281, L = 21.5' 21.5 LF 1035 0.020773 410.00$           E‐5 3.92$                1.61$         05‐12‐23.75 133
Qty (2) W27x281, L = 25' 50 LF 1035 0.048309 410.00$           E‐5 3.92$                1.61$         05‐12‐23.75 133
Qty (3) W30x99 = 21.5 64.5 LF 1200 0.05375 144.00$           E‐5 3.38$                1.39$         05‐12‐23.75‐6100 132
Qty (2) W30x116, L = 25' 50 LF 1160 0.043103 169.00$           E‐5 3.49$                1.44$         05‐12‐23.75‐6500 132
Qty (1) W30x211, L = 43' 43 LF 1125 0.038222 309.00$           E‐5 3.60$                1.49$         05‐12‐23.75 133
Qty (2) W33x152, L = 18' 36 LF 1170 0.030769 219.00$           E‐5 3.46$                1.43$         05‐12‐23.75‐7500 133
Qty (1) W33x152, L = 25' 25 LF 1170 0.021368 219.00$           E‐5 3.46$                1.43$         05‐12‐23.75‐7500 133
Qty (2) W33x152, L = 43' 86 LF 1170 0.073504 219.00$           E‐5 3.46$                1.43$         05‐12‐23.75‐7500 133
Structural Steel: Beams & Girders 1st Fl. Qty (2) W21x44, L = 10' 20 LF 1064 0.018797 64.00$             E‐5 3.81$                1.57$         05‐12‐23.75‐4100 132
Qty (5) W21x44, L = 30' 150 LF 1064 0.140977 64.00$             E‐5 3.81$                1.57$         05‐12‐23.75‐4100 132
Qty (1) W21x55, L =7' 7 LF 1110 0.006306 80.00$             E‐5 3.65$                1.51$         05‐12‐23.75‐4900 132
Qty (1) W21x55, L = 33' 33 LF 1110 0.02973 80.00$             E‐5 3.65$                1.51$         05‐12‐23.75‐4900 132
Qty (1) W36x282, L = 20' 20 LF 1035 0.019324 440.00$           E‐5 3.92$                1.61$         05‐12‐23.75‐8100 133
Qty (3) W36x282, L = 30' 90 LF 1035 0.086957 440.00$           E‐5 3.92$                1.61$         05‐12‐23.75‐8100 133
Qty (12) W21x48, L = 30' 360 LF 1064 0.338346 73.00$             E‐5 3.81$                1.57$         05‐12‐23.75‐4300 132
Qty (1) W21x55, L = 7' 7 LF 1110 0.006306 80.00$             E‐5 3.65$                1.51$         05‐12‐23.75‐4900 132
Qty (2) W21x55, L = 10' 20 LF 1110 0.018018 80.00$             E‐5 3.65$                1.51$         05‐12‐23.75‐4900 132
Qty (2) W21x55, L = 20' 40 LF 1110 0.036036 80.00$             E‐5 3.65$                1.51$         05‐12‐23.75‐4900 132
Qty (6) W21x55, L = 30' 180 LF 1110 0.162162 80.00$             E‐5 3.65$                1.51$         05‐12‐23.75‐4900 132
Qty (1) W21x101, L = 33' 33 LF 1000 0.033 147.00$           E‐5 4.05$                1.67$         05‐12‐23.75‐4760 132
Qty (2) W21x101, L =40' 80 LF 1000 0.08 147.00$           E‐5 4.05$                1.67$         05‐12‐23.75‐4760 132
Qty (2) W36x282, L = 30' 60 LF 1080 0.055556 410.00$           E‐5 3.92$                1.61$         05‐12‐23.75 133
Qty (4) W24x76, L = 25' 100 LF 1110 0.09009 111.00$           E‐5 3.65$                1.51$         05‐12‐23.75‐5500 132
Qty (1) W27x281, L = 21.5' 21.5 LF 1080 0.019907 410.00$           E‐5 3.92$                1.61$         05‐12‐23.75 133
Qty (2) W27x281, L = 25' 50 LF 1080 0.046296 410.00$           E‐5 3.92$                1.61$         05‐12‐23.75 133
Qty (3) W30x99 = 21.5' 64.5 LF 1200 0.05375 144.00$           E‐5 3.38$                1.39$         05‐12‐23.75‐6100 132
Qty (2) W30x116, L = 25' 50 LF 1160 0.043103 169.00$           E‐5 3.49$                1.44$         05‐12‐23.75‐6500 132
Qty (1) W30x211, L = 43' 43 LF 1125 0.038222 309.00$           E‐5 3.60$                1.49$         05‐12‐23.75 133
Qty (2) W33x152, L = 18' 36 LF 1170 0.030769 219.00$           E‐5 3.46$                1.43$         05‐12‐23.75‐7500 133
Qty (1) W33x152, L = 25' 25 LF 1170 0.021368 219.00$           E‐5 3.46$                1.43$         05‐12‐23.75‐7500 133
Qty (2) W33x152, L=43' 86 LF 1170 0.073504 219.00$           E‐5 3.46$                1.43$         05‐12‐23.75‐7500 133
Structural Steel: Brace Framing Qty (4) HSS 8"x8"x0.5", L = 20.3' 81.2 LF
Qty (4) HSS 8"x8"x0.5", L = 19.3' 77.2 LF
Qty (10) HSS 9"x9"x0.5", L = 21.9' 219 LF
Qty (2) HSS 9"x9"x0.5", L=18.9' 37.8 LF
31 Steel Decking
Steel Floor Decking - 1st Floor 3" deep, 20 gauge floor decking 10880 SF 3200 3.4 2.26$           E-4 0.55$           0.05$      05-31-13.50-5800 141
Steel Floor Decking - 2nd Floor 3" deep, 20 gauge floor decking 10880 SF 3200 3.4 2.26$           E-4 0.55$           0.05$      05-31-13.50-5800 141
Steel Roof Decking Open, 20 gauge, over 500 squares 10880 SF 4300 2.53023 1.66$           E-4 0.38$           0.03$      05-31-23.50-2700 142
06 Wood, Plastics,  Composites
11 Wood Framing: Partitions 12' High, Studs12" O.C. Pneumatic nailed L.F. 78 0 5.75$           2 Carp 9.40$           -$        06-11-10.26-0585 183
16 Sheathing: Subflooring - 1st Floor 3/4" Thick Plywood Subfloor, Pneumatic Nailed SF Flr. 1550 0 0.88$           2 Carp 0.47$           -$        06-16-23.10-0205 190
Sheathing: Subflooring - 2nd Floor 3/4" Thick Plywood Subfloor, Pneumatic Nailed SF Flr. 1550 0 0.88$           2 Carp 0.47$           -$        06-16-23.10-0205 190
Sheathing: Subflooring - Roof 3/4" Thick Plywood Subfloor, Pneumatic Nailed SF Flr. 1550 0 0.88$           2 Carp 0.47$           -$        06-16-23.10-0205 190
43 Wood Stairs & Railings <- concrete stairs?
48 Wood Door Frames <- metal door frames?
07 Thermal and Moisture Protection
21 Blanket Insul. Floors/Ceilings - 1st Unfaced 9.5" thick Fiberglass SF 450 0 0.60$           1 Carp 0.82$           -$        07-21-16.0-3020 225
Blanket Insul. Floors/Ceilings - 2nd Unfaced 9.5" thick Fiberglass SF 450 0 0.60$           1 Carp 0.82$           -$        07-21-16.0-3020 225
Blanket Insul. Floors/Ceilings - Roof Unfaced 9.5" thick Fiberglass SF 450 0 0.60$           1 Carp 0.82$           -$        07-21-16.0-3020 225
Thermal Insulation - Bmnt Walls Sprayed-On, Closed Cell, 4" thick (for interior?) SF 2000 0 1.58$           G-2A 0.42$           0.37$      07-21-29.10-0340 227
Thermal Insulation - 1st Fl. Walls Sprayed-On, Closed Cell, 4" thick (for interior?) SF 2000 0 1.58$           G-2A 0.42$           0.37$      07-21-29.10-0340 227
Thermal Insulation - 2nd Fl. Walls Sprayed-On, Closed Cell, 4" thick (for interior?) SF 2000 0 1.58$           G-2A 0.42$           0.37$      07-21-29.10-0340 227
24 Ext. Insul & Finish Sys. - 1st Floor 4" EPS Insulation with 1/2" sheathing 7296 SF 268 27.2239 4.11$           J-1 6.00$           0.54$      07-24-13.10-0130 229
EIFS - 2nd Floor 4" EPS Insulation with 1/2" sheathing 6496 SF 268 24.2388 4.11$           J-1 6.00$           0.54$      07-24-13.10-0130 229
EIFS - Roof Penthouse 4" EPS Insulation with 1/2" sheathing 460 SF 268 1.71642 4.11$           J-1 6.00$           0.54$      07-24-13.10-0130 229
32 Roof Tiles Barrel Mission Tile, 18", Terra Cotta Red 108.8 Sq 5.5 19.7818 405.00$       3 Rots 172.00$       -$        07-32-13.10-1140 233
71 Roof Specialties: Gutters 4" Wide Copper, Half Round, 16 oz. LF 125 0 10.50$         1 Shee 3.50$           -$        07-71-23.30-0700 250
08 Openings
11 Metal Doors & Frames: Basement 3' x 7' Dead Bolt Lock, Standard Push/Pull 13 Ea 2 6.5 885.00$       2 Sswk 410.00$       -$        08-11-16.10-0020 261
Metal Doors & Frames: 1st Floor 3' x 7' Dead Bolt Lock, Standard Push/Pull 16 Ea 2 8 885.00$       2 Sswk 410.00$       -$        08-11-16.10-0020 261
6' x 7' Anodizing Aluminum Entrance, Door & Fram 5 Ea 1.3 3.84615 1,298.50$    2 Sswk 630.00$       -$        08-11-16.10-0300 261
Metal Doors & Frames: 2nd Floor 3' x 7' Dead Bolt Lock, Standard Push/Pull 23 Ea 2 11.5 885.00$       2 Sswk 410.00$       -$        08-11-16.10-0020 261
Metal Doors & Frames: Roof 3' x 7' Dead Bolt Lock, Standard Push/Pull 1 Ea 2 0.5 885.00$       2 Sswk 410.00$       -$        08-11-16.10-0020 261
43 Aluminum-Framed Storefront Door 6' x 7' Opening, Clear Finish 2 Opng. 6 0.33333 815.00$       2 Sswk 136.00$       -$        08-43-13.10-0500 284
44 Glazed Curtain Walls Average, Single Glazed 1760 SF 195 9.02564 51.00$         H-1 7.80$           -$        08-44-13.10-0050 285
51 Metal Windows: South Face
Office Vertical (2 set) 36"x72" Single Hung, 2'8"x6'8", Insulating 4 Ea 8 0.5 360.00$       2 Sswk 102.00$       -$        08-51-13.20-3300 286
Office Horizontal (sgl) 72"x24" Single Hung, 2'8"x6'8", Insulating 2 Ea 8 0.25 360.00$       2 Sswk 102.00$       -$        08-51-13.20-3300 286
Classroom Lower 54"x72" Projected Enamel Finish, 4'5" x 5'3" 24 Ea 8 3 400.00$       2 Sswk 102.00$       -$        08-51-13.20-2600 286
Classroom Upper 54"x24" Projected Enamel Finish, 3'1" x 3'2" 24 Ea 10 2.4 355.00$       2 Sswk 82.00$         -$        08-51-13.20-2500 286
Stairwell 72"x96" Sliding aluminum, 9' x 5' 6 Ea 4 1.5 530.00$       2 Sswk 204.00$       -$        08-51-13.20-5000 286
Penthouse, South 72"x18" Sliding aluminum, 8' x 4' 1 Ea 6 0.16667 350.00$       2 Sswk 136.00$       -$        08-51-13.20-4600 286
Metal Windows: North Face
Office Vertical (3 set) 36"x72" Single Hung, 2'8"x6'8", Insulating 9 Ea 8 1.125 360.00$       2 Sswk 102.00$       -$        08-51-13.20-3300 286
Office Horizontal (dbl) 54"x24" Projected Enamel Finish, 3'1" x 3'2" 6 Ea 10 0.6 355.00$       2 Sswk 82.00$         -$        08-51-13.20-2500 286
Office Vertical (2 set) 36"x72" Single Hung, 2'8"x6'8", Insulating 8 Ea 8 1 360.00$       2 Sswk 102.00$       -$        08-51-13.20-3300 286
Office Horizontal (sgl) 72"x24" Single Hung, 2'8"x6'8", Insulating 4 Ea 8 0.5 360.00$       2 Sswk 102.00$       -$        08-51-13.20-3300 286
Classroom Lower 54"x72" Projected Enamel Finish, 4'5" x 5'3" 22 Ea 8 2.75 400.00$       2 Sswk 102.00$       -$        08-51-13.20-2600 286
Classroom Upper 54"x24" Projected Enamel Finish, 3'1" x 3'2" 22 Ea 10 2.2 355.00$       2 Sswk 82.00$         -$        08-51-13.20-2500 286
Stairwell 72"x96" Sliding aluminum, 9' x 5' 3 Ea 4 0.75 530.00$       2 Sswk 204.00$       -$        08-51-13.20-5000 286
Restroom 54"x24" Projected Enamel Finish, 3'1" x 3'2" 6 Ea 10 0.6 355.00$       2 Sswk 82.00$         -$        08-51-13.20-2500 286
Metal Windows: East Face
Office Vertical (3 set) 36"x72" Single Hung, 2'8"x6'8", Insulating 9 Ea 8 1.125 360.00$       2 Sswk 102.00$       -$        08-51-13.20-3300 286
Office Horizontal (dbl) 54"x24" Projected Enamel Finish, 3'1" x 3'2" 6 Ea 10 0.6 355.00$       2 Sswk 82.00$         -$        08-51-13.20-2500 286
Office Vertical (2 set) 36"x72" Single Hung, 2'8"x6'8", Insulating 2 Ea 8 0.25 360.00$       2 Sswk 102.00$       -$        08-51-13.20-3300 286
Office Horizontal (sgl) 72"x24" Single Hung, 2'8"x6'8", Insulating 2 Ea 8 0.25 360.00$       2 Sswk 102.00$       -$        08-51-13.20-3300 286
Classroom Lower 54"x72" Projected Enamel Finish, 4'5" x 5'3" 10 Ea 8 1.25 400.00$       2 Sswk 102.00$       -$        08-51-13.20-2600 286
Classroom Upper 54"x24" Projected Enamel Finish, 3'1" x 3'2" 10 Ea 10 1 355.00$       2 Sswk 82.00$         -$        08-51-13.20-2500 286
Hallway Lower 54"x72" Projected Enamel Finish, 4'5" x 5'3" 3 Ea 8 0.375 400.00$       2 Sswk 102.00$       -$        08-51-13.20-2600 286
Hallway Upper 54"x24" Projected Enamel Finish, 3'1" x 3'2" 3 Ea 10 0.3 355.00$       2 Sswk 82.00$         -$        08-51-13.20-2500 286
Penthouse, East 36"x24" Sliding Aluminum, 3'x2' 2 Ea 10 0.2 217.00$       2 Sswk 82.00$         -$        08-51-13.20-4000 286
Metal Windows: West Face
Office Vertical (2 set) 36"x72" Single Hung, 2'8"x6'8", Insulating 6 Ea 8 0.75 360.00$       2 Sswk 102.00$       -$        08-51-13.20-3300 286
Office Horizontal (sgl) 72"x24" Single Hung, 2'8"x6'8", Insulating 3 Ea 8 0.375 360.00$       2 Sswk 102.00$       -$        08-51-13.20-3300 286
Classroom Lower 54"x72" Projected Enamel Finish, 4'5" x 5'3" 8 Ea 8 1 400.00$       2 Sswk 102.00$       -$        08-51-13.20-2600 286
Classroom Upper 54"x24" Projected Enamel Finish, 3'1" x 3'2" 8 Ea 10 0.8 355.00$       2 Sswk 82.00$         -$        08-51-13.20-2500 286
Hallway Lower 54"x72" Projected Enamel Finish, 4'5" x 5'3" 6 Ea 8 0.75 400.00$       2 Sswk 102.00$       -$        08-51-13.20-2600 286
Hallway Upper 54"x24" Projected Enamel Finish, 3'1" x 3'2" 6 Ea 10 0.6 355.00$       2 Sswk 82.00$         -$        08-51-13.20-2500 286
Penthouse, East 36"x24" Sliding Aluminum, 3'x2' 2 Ea 10 0.2 217.00$       2 Sswk 82.00$         -$        08-51-13.20-4000 286
81 Glass Glazing (for Curtain Wall) 1" Thick double glazed, 1/4" float, 1/4" wire 1760 SF 75 23.4667 23.00$         2 Glaz 9.40$           -$        08-81-30.10-0600 308
09 Finishes
21 Gypsum Board Shaft Wall: Stairs1 2-hr, 5/8" fire rated, over 8' high SF 3280 0 2.02$           2 Carp 3.57$           -$        09-21-16.23-0060 316
Gypsum Board Shaft Wall: Stairs2 2-hr, 5/8" fire rated, over 8' high SF 3280 0 2.02$           2 Carp 3.57$           -$        09-21-16.23-0060 316
Gypsum Board Shaft Wall: Elev. 2-hr, 5/8" fire rated, over 8' high SF 3280 0 2.02$           2 Carp 3.57$           -$        09-21-16.23-0060 316
Partition Wall: Basement 12' High Stud Wall, 6" Wide 7944 SF 330 24.0727 1.20$           2 Carp 2.22$           -$        09-21-16.33-1200 316
Partition Wall: 1st Floor 12' High Stud Wall, 6" Wide 6108 SF 330 18.5091 1.20$           2 Carp 2.22$           -$        09-21-16.33-1200 316
Partition Wall: 2nd Floor 12' High Stud Wall, 6" Wide 8712 SF 330 26.4 1.20$           2 Carp 2.22$           -$        09-21-16.33-1200 316
22 Gypsum Plaster on Walls & Ceilings 80# Bag, Over 1 ton Bag #DIV/0! 12.70$         
24 Cement Stucco 3 coats, 1" thick, float finish w/ mesh SY 63 0 6.55$           J-2 30.50$         2.28$      09-24-23.40-0015 323
Exterior Stucco on Walls, no mesh included SY 200 0 3.58$           J-1 8.00$           0.72$      09-24-23.40-1000 323
is this needed? --> Mesh, painted, nailed to wood, 1.8 lb SY 60 0 6.20$           1 Lath 5.40$           -$        09-24-23.40-1600 323
29 Gypsum Board 1/2" thick, on ceilings, standard SF 1800 0 0.30$           2 Carp 0.41$           -$        09-29-10.30-1000 325
51 Suspended Ceilings, Complete Bsmnt Mineral Fiber, 2' x 2' x 3/4" lay-in board 10880 SF 345 31.5362 2.57$           1 Carp 1.06$           -$        09-51-23.30-0800 332
Suspended Ceilings, Complete 1st Fl. Mineral Fiber, 2' x 2' x 3/4" lay-in board 10880 SF 345 31.5362 2.57$           1 Carp 1.06$           -$        09-51-23.30-0800 332
Suspended Ceilings, Complete 2nd Fl. Mineral Fiber, 2' x 2' x 3/4" lay-in board 10880 SF 345 31.5362 2.57$           1 Carp 1.06$           -$        09-51-23.30-0800 332
65 Resilient Tile Flooring: 1st Floor Cork Tile, Standard Finish, 1/8" thick 9708 SF 315 30.819 7.00$           1 Tilf 1.07$           -$        09-65-19.10-2200 338
Resilient Tile Flooring: 2nd Floor Cork Tile, Standard Finish, 1/8" thick 8209 SF 315 26.0603 7.00$           1 Tilf 1.07$           -$        09-65-19.10-2200 338
Basement: Labs/Halls & Restrooms Vinyl Composition Tile, Marbleized 9991 SF 500 19.982 2.21$           1 Tilf 0.67$           -$        09-65-19.10-7100 339
1st Floor: Restrooms Vinyl Composition Tile, Marbleized 342 SF 500 0.684 2.21$           1 Tilf 0.67$           -$        09-65-19.10-7100 339
2nd Floor: Restrooms Vinyl Composition Tile, Marbleized 342 SF 500 0.684 2.21$           1 Tilf 0.67$           -$        09-65-19.10-7100 339
14 Conveying Equipment
24 Hydraulic Elevators Hydraulic Passenger Elevator, 4000 lb w/ 3 stops Ea 0.37 0 50,475.00$  2 Elev. 16,300.00$  -$        14-24-23.10-2175 464
28 Elev. Equip. & Control Intercom service Ea 3 0 995.00$       2 Elev. 395.00$       -$        14-28-10.10-3125 465
Center Opening 1-Speed Doors Ea 2 0 1,900.00$    2 Elev. 595.00$       -$        14-28-10.10-3175 465
Automatic Emergency Power Switching Ea 0.66 0 1,150.00$    2 Elev. 1,800.00$    -$        14-28-10.10-3275 465
Signal Devices, hall lanterns Ea 8 0 505.00$       2 Elev. 148.00$       -$        14-28-10.10-3700 465
